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there’s the answer to every 
laboratory filing need in these 
interchangeable stacking units — 


@ *1" MICROSLIDE DRAWERS 
(for spaced or storage filing! 

@ *2° SLIDE OR TRANSPARENCY DRAWERS 

a (for spaced or storage filing) 

@ *4° DRAWERS 

3 (for 3%" x 4%" slides or index 
cards. Technilume drawer for 
illumination optional) 

@ SHELF 


{for resting trays or drawers in use} 


(slides lie flat in trays; dry quickly; 
ore visible at a glance) 


@ FLAT-FILING UNIT FOR TRANSPARENCIES 
(2” x 2” or x for filing 

i and instant viewing) : 

@ ILLUMINATION UNIT 
fused in conjunction with Transpar- 
ency Flat-Filing for viewing) 

@ PARAFFIN BLOCK FILE 
(shallow drawers, with vari-sized 
knock-down cardboard contoiners) 


*Single cabinets can comprise variable assem- 
blies of any of these drawers, thanks to the 
Technicon Lab-aid unit track design. 
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@ FLAT-FILING CABINET FOR MICROSLIDES 


Everything about a Technicon Lab-aid file is de- 
signed to speed the work and improve filing effi- 
ciency. For example, the unique (patented) spring 
slide-spacers. Holding slides upright with plenty of 
air-space for quicker drying, they're still supple 
enough to spread like this, so you can easily file or 
find a slide. If you want more capacity for close- 
packed, permanent storage, you simply remove the 
spacer, which gives you room for approximately 
6500 slides in a single 19” x 19” x 5” unit — up to 
45% more capacity. 

To find out more about this efficient system for 
laboratory filing, send the coupon below. 


lon Lud system 


THE TECHNICON COMPANY 
3 ). “ 215 East 149th St., New York 51, N. Y. 
: Send me particulars of the “‘LAB-AID" filing system. 
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Complete stocks of MCG&B items are carried at our East Rutherford 
and Norwood plants and are available either through your laboratory 
supply dealer or from the East Rutherford or Norwood offices. 


Our new catalog listing 3911 Reagent 
Chemicals, Biological Stains, Chemical 
Indicators and Solutions will be sent to 
you upon request. 


Matheson, Coleman & Bell Reagent 
Chemicals include practically all of the 
items used in research and analytical 
work. The Reagent Inorganic Chemi- 
cals carry upon the label a statement 
showing the maximum limits of impuri- 
ties allowed. The Reagent Organic 
Chemicals are manufactured to. pass 
the specifications shown in our price 
list. In addition to Reagent Inorganic 
and Organic Chemicals we offer many 
items of U. S. P., N. F., Practical and 
Technical quality. 


And... as always... 

THE MATHESON CO. 

carries the most diversified 
line available of 


COMPRESSED GASES and 
GAS REGULATORS 


| REAGENT CHEMICALS 
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Study Arteriolar Changes Directly 


the NEW Leitz Capillary Microscope 


MICROSCOPES 


This improved Leitz capillary microscope brings a new simplicity to 
the study of arteriolar changes. Variotions in capillary morphology can 
be viewed easily and directly in the nailbed, the conjunctiva and the 
forearm. 


The Leitz name on this capillary microscope is your assurance of 
lifetime precision and dependability. Each instrument is guaranteed 
against any defect in mechanical or optical construction. 


For complete details write to Department SC. 


E. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
DISTRIBUTOR OF WORLD-FAMOUS PRODUCTS OF ERNST LEITZ. WETZLAR, GERMANY 


SCIENTIFIC INSTRUMENTS ° BINOCULARS e LEICA CAMERAS AND ACCESSORIES 
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The 14th International 
Congress of Zoology 


T the 13th International Congress of Zoology it 

was decided to accept an invitation from the Dan- 
ish Government to have the next congress in Copen- 
hagen, and at the same time Professor R. Spaerck of 
the University of Copenhagen was elected as the 
president. 

Accordingly, the 14th Congress will take place in 
Copenhagen from the 5th to the 12th of August, 1953. 
His Majesty the King of Denmark is the Patron of 
the Congress. Professor Niels Bohr is one of the mem- 
bers of the Honorary Committee. Professor Spaerck 
is leading the Organizing Committee, of which Dr. 
Anton Fr. Bruun is the Secretary General. So far 
about 400 zoologists outside Denmark have registered 
as members, besides 125 associate members. U.S.A., 
Great Britain, and Germany will each be represented 
by 50 or more, next comes France with 40, Sweden 
with 26, and Italy with 21. A Russian delegation of 
10 has been announeed. Altogether forty-three coun- 
tries or territories from all over the world will be 
represented. 

Before the Congress the International Union of 
Biological Sciences has arranged a colloquium on 
Nomenclature, to open on July 29, and organized by 
Mr. Francis Hemming. Another I.U.B.S. colloquium, 
on Zoogeographieal Problems of the Deep Sea Fauna, 
will be held during the Congress, organized by Pro- 
fessor R. Spaerek, Copenhagen. To this Professor §S. 
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AAAS EDITORIAL BOARD 
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Ekman (Uppsala), Professor L. Fage (Paris), Pro- 
fessor Carl Hubbs and Professor Claude E. ZoBell 
(La Jolla), Mrs. Marion Grey (Chicago), Dr. J. D. 
H. Wiseman (London) and several others have been 
invited to present papers. 

During the Congress 217 papers will be read; 
therefore about twenty sections have been formed to 
create opportunities for the specialists to meet and 
discuss their problems. Great attention will be paid to 
that most important tool of all zoologists, nomencla- 
ture. The next congress is expected to take place in 
1958, the bicentennary of the Systema Naturae; it 
is to be hoped that decisions of the Copenhagen 
Congress will add materially in creating order in 
accordance with the spirit of Linnaeus. 

The central position of comparative physiology is 
reflected by the great number of papers announced in 
that field, about 50. Ecology, however, is also very 
well represented, with 22 papers on marine ecology 
and 25 on terrestrial eeology. Morphogenesis is also 
one of the leading disciplines with 35 papers. The rest 
of the papers are fairly evenly spread over all aspects 
of zoology, except that such a specialty as nematology 
shows 16 papers. The number of participating zoolo- 
gists and papers announced thus indicates that the 
Copenhagen Congress will meet with great interest, 
as is necessary for an international meeting. 

After the Congress six excursions will show mem- 
bers typical biotopes of Denmark. Even at this late 
date the Secretariat of the Congress, Krystalgade 27, 
Copenhagen K, remains ready to receive applications 
for membership. 

ANTON Fr. Bruun 
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This ‘‘LUBRI-TACTY”’ 


feature makes the 


JAGABI". 
Better Rheostat 


The **Lubri-tact” 
consists of a graphited 
carbon lubricator which 
slides with the phosphor- 
bronze current-carrying brush. 
The resultant smooth action 
minimizes wear on the 
resistance winding... 
insures precise, positive 
adjustment and long life. 
Jagabi Rheostats have 
several other features 
that help make them 
rugged and dependable. 
They are fully described 


LUBRICATED 
SLIDING 
CONTACT 


in an illustrated Write for 
bulletin. your copy of 
We stock Jagabi Rheostats in 8, 10, 16 and 20 BULLETIN 
and in 76 ratings from 30,000 41-8 


ng sp down to .34 obm, 25 am- 
— we so make special types. 


JAMES G. BIDDLE CO. 


- Electrical & Scientific Instruments 
1316 ARCH STREET, PHILADELPHIA 7, PA. 


FREEZE-DRYING 


for Histologic Preparations 


Model FD-11 


+ Small, compact + semi-automatic + excellent visibility + 
simple, sensitive electronic vacuum gauge ¢ drying periods 
regulated by size of tissue (20 permanent blocks or more can 
be prepared in 48 hours) + simple and efficient infiltration 
under vacuum. 

Freeze-drying is now practical for your laboratory. We 
have pioneered in the simplification and improvement of 
histological freeze-drying equipment. Costly non-essentials 
are eliminated with resu wilting greater simplicity of operation. 


Complete with accessories $575. F.O.B. Boston 
Write to Dept. S-1 


SCIENTIFIC SPECIALTIES CORP. 
Snow and Union Streets Boston 35, Mass. 


RESEARCH 
BIOCHEMICALS 


For 


INVESTIGATIONAL USE 


WRITE FOR 


NEW 
CATALOGUE 


#S 998 


Listing over 900 
Research Biochemicals 


TYPICAL NBCo. PRODUCTS 
AMINO ACIDS 


A complete selection of more than 90 amino 
acids of maximum purity. Including natural L - 
synthetic DL and resolved L and D amino acids. 


NUCLEOPROTEINS - PURINES 
PYRIMIDINES 


Adenosine Triphosphate + Adenine * Adenylic 
Acid * Cozymase * Cytidine Cytidylic Acid 
sine * Desoxyribonucleic Acid * Fructose and Glu- 
cose Phosphates + Glutathione * Guanine and Salts « 
Guanylic Acid Hypoxanthine Inosine Nucleates 
* Ribose Nucleic Acid Desoxyribonucleic Acid 
Ribose * Protamine * Thymine Uracil * Uridine 
* Uridylic Acid * Xanthine * Xanthosine. 


“VITAMIN FREE” CASEIN 
(Hot Alcohol Extracted) 


A valuable source of protein nitrogen of excep- 
tional purity for incorporation into diets to produce 
vitamin deficiencies. 


MISCELLANEOUS BIOCHEMICALS 


Alpha Keto Glutaric Acid * Cytochrome C * 
Glutamine * Dopa + Glycogen * Heparin * Lysozyme 
* Crystalline Vitamins + Crystalline Carbohydrates 
| * Fatty Acids * Growth Factor Analogs + 
} * Biological Test Diets + Alkaloids. 
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TEST TUBES— Well 
annealed, with uniform, 
substantial walls to in- 
sure against breckage. 
Heat resistant, chem- 
ically stable. 


safety is important in 


laboratory glassware, too 


The rabbit is a wily creature. When he selects a home, he 
makes sure that it will be safe from his enemies. 

Experienced laboratory instructors are mighty careful in 
selecting laboratory ware, too. They know, for example, 
that PYREX brand laboratory glassware assures maximum 
safety, even to the most inexperienced students. They know 
that they get a plus value, too—real lasting economy. 

There are two reasons for this: First, the durability of 
famous PYREX brand glass No. 7740, itself. Second, the 
functional design of test tubes, condensers, cylinders, fun- 
nels and other items in the PYREX ware line. All are de- 
signed to place strength where needed most. Firepolished 
rims, reinforced seals and heavy construction reduce break- 
age. 

Why settle for less than the safest, when it is also the 
most economical laboratory ware you can buy? Call your 
laboratory dealer today. He stocks the complete line. 


GRADUATED CYLIN- 
DERS—Designed for 
utility. Sturdy hexag- 
onal base provides 
extra stability, pre- 
vents rolling if cylinder 
is laid on side. Rein- 
forced rim reduces 
breakage. 


PYREX BRAND FUNNELS—All 
kinds—fiuted, plain, long stem, 
short stem, big diameter, small 
di ter, and stemless, all rug- 
gedly fabricated from the 
heavy beaded tops to the fire- 
polished tips. 


® 
the laboratory glassware that gives you economy, accuracy, durability 


CORNING GLASS WORKS, Corning, New York 
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Finest Japanese Optics and Workmanship 


Built to our specifications. Priced far 
below comparable values. Be assured 
of a lifetime of excellent performance. 

Equal to the World’s finest optical in- 

struments. 

Student Microscope (Model UMC-300) 
An unusually fine piece of work- 
manship. Suitable even for ma’ 
blood count and other laboratory 
work within the range of its mag- 
nification. 

Stand inclinable to 90°. 
Achromatic: 10X, 20X. 
epieces: Huygenian. 5X, 15X. 

Ma gnification: to 300X. 


Wt. in case: 


Specially Priced) $40.00 


Binocular Mic (Model E 3 N) 
Used by laboratory, re- 
search technicians, physicians and 
scientists. Instrument complete for 
visual and photomicrography. 
Includes Monocular tube tor photo- 
microgra 
mechanical stage 
3-Lens NA 1.4 Condenser 
Calibrated ABBE DECENTERING 
device 
Calibrated Condenser Diaphragm 
Substage revolves for Polaroid work 


Four nosepieces: Achromatic. 5X, 
10X, 40X, 100X. Coated. 

Three eyepi Huygeni 5X, 
10X,_15X. 

Magnification: 25X to 1500X with 
monocular tube, increased 


with binocular. 


Special Introductory offer | $374.95 | 


Also Inquire About Our Very Fine Student Microscope 
Write for free folder 


UNION MERCANTILE CO., INC. 
465 California Street San Francisco, California 


Another Contribution 
to Medical Progress 


“TRIPTIDE’ 


(BRAND OF SODIUM GLUTATHIONE, | 


CONVENIENT for parenteral administration when diluted 
with Water for Injection U.S.P. TRIPTIDE 
(sodium glutathione) may be used clinically 
and experimentally 


IN THE STUDY OF alloxan-induced diabetes, hy- 
perglycemia due to ACTH, shock, radiation ex- 
posure, renal dysfunction, detoxication, potas- 
sium toxicity, peptide synthesis, and other 
enzymic functions. 

EACH VIAL PROVIDES 2.00 gm. of reduced glutathione 
in lyophilized, sterile, pyrogen-free form. 

AVAILABLE to all qualified investigators in the fields of 
biochemistry. Inquiries on TRIPTIDE (sodium 
glutathione) are invited. 


LABORATORIES, INC. 
230 Washington St., Mount Vernon, N. Y. 


Drying Problem Solved 


by New Method 


New, Niagara “Controlled Humidity” Method pro- 
vides air at precise conditions of temperature and 
humidity ae permits accurate variations of such 
conditions at will, in the range of 34°F. to 140°F.; 
also below 32°. if required. 

This Method uses “Hygrol” liquid absorbent to re- 
move moisture from the air directly, saving the cost 
of refrigeration for dehumidification. Operation is 
completely and reliably automatic; the eahent 3 is 
re-concentrated as fast as it is mood, 

It is used successfully in drying processes, control 
of oc ae 0c materials preventing moisture dam- 

to materials or instru- 
ments, providing con- 
trolled atmosphere for 
tests and experiments. 
Units capacity 
ranges from 1000 c. f. m. 
to 20,000 c. f. m. 

Write for Bulletin 
No. 112; address Niagara 
Blower Co., Dept. SW, 
405 Lexington Avenue, 
New York 17, N.Y. 


PHOTOVOLT _Densitometer 
CH ROMATOG RAPHY 


A photoelectric precision instrument for 

the rapid and convenient evaluation of 

strips and sheets in filter paper chro- 

matography and paper electrophoresis 
Write for Bulletin N 800 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


Also 
Colorimeters pH Meters 
Fiuorimeters Electronic Photometers 


Reflection Meters Multiplier Photometers 
Interference Filters 
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225 Varick St. 


must be 
reason 


Here are eight 
distinct reasons 


why Haemo-Sol 


is the preferred 


cleaner for labora- 


tory glassware. 


* Completely Soluble 
* Leaves No Residue 


* Fully Haemo-Digestive 


* Lower Surface Tension 


* Scientifically Formulated 


* Controlled pH 


* Multiple Laboratory Uses 


* Greater Economy 


for literature and samples 


write 


New York 14, N. Y. 


MEINECKE & COMPANY, INC. 
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REAPS 


complete equipment for 

the housing and care of laboratory animals. 
Write for catalog or submit your 
specifications. No obligation. 


BUSSEY PRODUCTS CO. 


. 6000 W. 51st Street * Chicago 38, Illinois 


LABORATORY 
CAGES and 
EQUIPMENT 


All shapes and sizes of cages are 
available at Bussey’s. Stock items are cus- 
tom tailored to your individual requirements. 
Our Permaweld construction means more 
strength, longer wear, better appearance. 


racks, automatic 
watering systems or 


UNDECALCIFIED 
BONE & TEETH 


and other extremely hard speci- 
mens sectioned ultra-thin with the 


MODEL K MICROTOME 


For complete information write 


WM. J. HACKER & CO., INC. 
82 Beaver St. 


New York 5, N. Y. 


Adenosine Triphosphate (ATP); Amygdalin; Amylase; 
Animal Lecithin; Ascorbic Acid Oxidase; Bacitracin; 
BAL; Biotin, cryst.; Caffeic Acil; Carotene, cryst.; 
Catalase; Cellulase Chlorogenic Acid; Chorionic 
Gonadotropin; Circulatory Hormone; Colchicine; Cy- 
tidylic Acid; Cytochrome C; Dehydroascorbic Acid; 
Diacetonamine; Dihydroxyacetone; Dihydroxyphenyla- 
lanine (DOPA); Dipyridyl; Edestin; Emulsin; Ery- 
thritol; N-Ethylpiperidine; Fibroin; Folic Acid; 
Galacturonic Acid; Gentisic Acid; Girard Reagents P 
and T; Gliadin; Glucose Pentaacetate; Glucuronic 
Acid; Glyceraldehyde; Glyceric Acid; Heparin; Horde- 
nine; Hyaluronidase; Hydrindene; 2-Hydroxyadipalde- 
hyde; Humulon; Indan; Isoascorbic Acid; Isopropyl- 
arterenol; Kojic Acid; Kynurenic Acid;- Lanthionine; 
Lipase; Lysozyme; Lyxose; Malononitrile; Maltase; 
Melezitose; Mesobilirubinogen; Muscle Adenylic Acid; 
p-Nitrophenylphosphate; Nucleoprotein; Orcinol; Pan- 
creatin; Pantothenyl Alcohol; Penicillinase; Peroxidase; 
Phenazine; Phenylpyruvic Acid; Phloridzin; Phosphory- 
lase; Piperin; Porphyrindine; Protamines; Protoporphy- 
rin; Pyridoxal; Pyridoxamine; Pyrocatechuic Acid; 
Pyruvic Aldehyde; Ribonuclease; Saccharic Acid; Sal- 
mine; Serine Phosphoric Acid; Spermidine; Spermine; 
Thioacetic Acid; Thiocytosine; Thyroxine; Trigonelline; 
Triphenyltetrazolium Chloride; Tripyridyl; Trypsino- 
gen; Tyrosinase; Tyrothricin; Urease; Uricase; Uri- 
dine; Vitellin; Xanthosine. 


Ask us for others! 


DELTA CHEMICAL WORKS 


3 West ‘60th St. New York 23,N 
Telephone Plaza 7-6317 | 
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@ Cut from machine drawn 
flat strips of precision 
controlled thickness 


@ NOW OFFERED AT REDUCED 
NH PRICES BECAUSE OF LOWER 
PRODUCTION COSTS 


AH.T Co PHLAUSA 


Showing % oz. round wooden boxes and carton 
containing twelve ' oz. boxes (6 ounces) 


NON-CORROSIVE, RED LABEL 


MICRO COVER GLASSES 


Cut, selected and packed in Philadelphia from the same excellent Chance micro sheet 
sold by us with great satisfaction continuously since 1902, improved from time to time, but | 
now mechanically drawn in strips, which method of production offers the advantages 
of flatness and precision controlled thickness as compared with former method of hand 
blowing. Offered from stock in a wide variety of thicknesses, sizes and shapes—see pp. 
887 and 888 of our catalogue. Outstanding characteristics are: 


@ High resistance to attack by moisture 
@ Freedom from brittleness 
@ Flatness 
@ Precision controlled uniformity of thickness 


Per oz. Per oz. 
Per in 6 oz. in 144 oz. 
ounce *carton assortments 
7020. SQUARES, No. 1, 18 mm, 22 mm and 
1.64 1.48 1.23 
7022. CIRCLES, No. 1, 18 mm, 22 mm and 
3.12 i 2.34 
7024. RECTANGLES, Small, No. 1, 22 x 30 
mm up to and including 22 x 50 mm 1.96 1.76 1.47 
7024. RECTANGLES, Large, No. 1, 24x 50 
mm and 24x60 mm ............ 1.98 1.78 1.49 
7024. RECTANGLES, Large, No. 1, 35x 50 
mm up to and including 48 x 60 mm 2.52 2.27 1.89 
* One size, shape and thickness only. ’ 


ARTHUR H. THOMAS COMPANY 


WEST WASHINGTON SQUARE PHILADELPHIA 5, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 


Science, Vol. 118 


fre 
son 
oth 
oth 
trae 
else 
fiel 
inte 
con 
non 
7 
par 
lev 
wit 
fre 
: ene 
bee 
inv 
the 
qui 
nu 
the 
the 
me 
gul 
spi 
2 an 
me 
col 
ele 
Cal 
ter 
ele 
ga 
Apparatus and Freagents wi 
1 
mi 
« Ju 
4 


it | 


Pure Quadrupole Spectra in Solids’ 


Ralph Livingston 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 


HE FIRST EXPERIMENTAL OBSERVA- 

TION of a pure quadrupole spectrum was 

made by Dehmelt and Kriiger (1) in solid 

trans-dichloroethylene at liquid air tempera- 
ture. A characteristic resonance absorption of radio- 
frequency energy in the vicinity of 30 Me was seen for 
each of the stable chlorine isotopes. Subsequently re- 
sonances have been observed in a large number of 
other chlorine compounds, as well as compounds of 
other elements. The study of this phenomenon has at- 
tracted both chemists and physicists. 

The types of studies made at this Laboratory and 
elsewhere will illustrate some of the applications of 
the method to chemistry and physics. Even though the 
field is quite new, no attempt at a complete survey is 
intended, nor is it implied that all phenomena are 
completely understood. First, the nature of the phe- 
nomenon must be considered in more detail. 

The absorption of radiofrequency energy is accom- 
panied by transitions among closely spaced energy 
levels arising from the interaction of the atomic nuclei 
with their environment in a solid substance, and the 
frequency, v, is determined by HE =hv, E being the 
energy difference between the levels and h Planck’s 
constant. Hence an explanation of the phenomenon 
becomes a discussion of the nature of the energy levels 
involved. This in turn requires some elaboration of 
the nature of a quantity called the nuclear electric 
quadrupole moment and the particular features of the 
nuclear environment that interact with it to determine 
the levels. 

The Energy Levels. Perhaps the most familiar of 
the nuclear moments are the magnetic (dipole) mo- 
ment, 1, and the mechanical moment (or intrinsic an- 
gular momentum), which is usually designated by a 
spin quantum number J. In general other magnetic 
and also electric moments can exist. The electric mo- 
ments can be treated, for the purposes at hand, by 
considering the nucleus to be made up of a finitely 
sized assemblage of charges. One then finds that the 
electrostatic potential at a peint outside the nucleus 
ean be expressed as an infinite series whose successive 
terms correspond to potentials from certain idealized 
charge distributions known as higher and higher order 
electric moments. The first term of this expansion con- 
tains the nuclear charge which, in a sense, may be re- 
garded as the simplest electric moment, a mono-pole 
with dimensions eL®, The second term in the expan- 


1This work was performed for the Atomic Energy Com- 
mission. 
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sion of a general potential contains the electric dipole 
moment; however, the theory of nuclear structure im- 
plies that there should be no electric dipole moment 
in nuelei, and to date no experimental phenomenon 
has been found that requires the existence of such a 
moment. We are interested in the next term of this 
expansion which contains the nuclear electrie quadru- 
pole moment, Q. This moment has dimensions of eL*, 
but it is customary to factor out the protonic charge e 
and express Q in em?, This electric moment is a meas- 
ure of the departure from spherical symmetry of the 
nuclear charge distribution. The value for Cl®, for 
example, is about — 0.08 x 10-** em?, the negative sign 
indicating that the nuclear charge distribution is flat- 
tened or oblate with respect to the nuclear-spin axis. 
A positive sign indicates a prolate distribution. Q dif- 
fers from zero only for nuclei with J = 1. 

A quadrupolar nucleus placed in the neighborhood 
of other electric charges will give rise to an interaction 
energy, which in general depends on the relative orien- 
tation of the nuclear and extranuclear charge systems. 
This interaction is described in terms of the set of 
second partial derivatives with respect to coordinates, 
qj 34.) = x,y,z, of the electrical potential at the location 
of the nucleus (thus q,,=9*V/9z?, ete.). This inter- 
action results in the quadrupolar nucleus taking a 
number of allowed orientations in the q,, system, and 
the energy for each is different. The number of quan- 
tum-allowed orientations is determined by the nuclear 
spin, two being possible for each of the stable chlorine 
isotopes with I = 3/2. The absorption of a quantum of 
radiofrequency energy by such a system induces a 
change in orientation from a lower energy configura- 
tion to a higher one. The set of second derivatives, 
which is commonly referred to as the electric field 
gradient, is a second order tensor quantity. With 
a proper choice of coordinate axes, the tensor may 
be represented by three orthogonal components, 
| >| >| and these conform to Laplace’s 
equation, 922+ G22 + Iyy=9. Frequently q,,, the major 
component of the tensor, is abbreviated by g. The 
energy of the quadrupolar interaction is often ex- 
pressed in terms of a parameter ealled the nuclear 
electric quadrupole coupling, eqQ, and this parameter 
is usually evaluated when the phenomenon is ob- 
served. 

As a simple example, let us consider a quadrupolar 
nucleus aligned in the field gradient of a single (clas- 
sieal) electron with charge —e at a distance r from 
the nucleus. The electric potential at the nucleus is 
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-e/r and q,, is — 2e/r’. The quadrupole coupling be- 
comes — 2e?Q/r? and q,,=4,,=¢/r*. In this simple 
ease the coupling is said to have axial symmetry. In 
many physical systems where more complex charge 
distributions are involved g,, and q,, may not be 
equal, the asymmetry frequently being denoted by a 
parameter [qz2~ Wy] / 

The energy levels for axial symmetry, n=0, are 
given by E,,=eqQ[3m?-I(I+1)]/41(2I1-1) where 
m may have values I, I-1, ---, —Z. Since m appears 
only as the square, all levels are twofold degenerate. 
For I = 3/2, the case for all stable chlorine and bromine 
nuelei, E, eqQ/4 and E, 5/.=eqQ/4. With the 
selection rule Am =1 the transition energy is given by 
hv=|eqQ/2|. The quadrupole coupling is often ex- 
pressed in frequency units and for this case is just 
twice the observed transition frequency. Since the sign 
of the coupling is not determined, only its magnitude 
and the magnitude of q are considered. The case of 
departure from axial symmetry is considered later. 
Properties of extranuclear charge distributions giving 
rise to significant quadrupole couplings are discussed 
in a later section. 

Experimental. Although the mechanism for estab- 
lishing the energy levels is electric in nature, the main 
process by which the nucleus absorbs radiofrequency 
energy in making a transition is magnetic. For this 
reason the sample is placed in the coil of a tuned cir- 
cuit of a radiofrequency oscillator where it experi- 
ences oscillations in magnetic field. The oscillator is 
frequency modulated at, say, 100 eps. If the oscillator 
is now tuned to the frequency of a quadrupole re- 
sonanee, the oscillator frequency will be swept back 
and forth through the resonance frequency 100 times 
a second. Each time the resonance line is crossed, 
energy is absorbed from the oscillator coil and the cir- 
cuit is so arranged that the resulting signal can be 
taken from the cireuit, amplified, and presented on the 
vertical plates of an oscillograph. The horizontal 
plates of the oscillograph are driven at 100 eps in syn- 
chronization with the frequency modulation. Figure 1 
is a photograph of a quadrupole line observed in this 
manner. In this case the line is only a few kilocycles 
wide. Other electronic arrangements can be used, the 
principal extension of the technique being the use of 
a chart recorder and appropriate electronic circuits 
that allow the line to be seen with a higher signal-to- 
noise ratio. 

Resonance Lines for Chlorine. Each of the stable 
chlorine isotopes possesses a quadrupole moment, and 
their resonance lines can be seen in many compounds. 
If the electrical environment of the nucleus were in- 
dependent of isotopic substitution, it would follow 
from the energy level expression that the ratio of 
observed frequencies for the two stable chlorine iso- 
topes in a given compound should be their quadrupole 
moment ratio. The ratios given in Table 1 do not vary 
outside of the accuracy of the frequency measure- 
ments. More recent data (2) of greater accuracy do, 
however, show a very small significant variation. 
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Fic. 1. The 38.254 Me Cl® line in CHCl, at 77° K. 


Nevertheless, to a very high precision q is a property 
of the substance that is quite insensitive to isotopic 
substitution, and accurate quadrupole moment ratios 
ean be determined. Resonance lines for Cl** are much 
stronger than those for Cl®°? owing, in part, to the 
three times greater natural abundance. Frequently 
just the Cl*> lines are measured since the weaker Cl* 
values can be easily calculated. 

Often two or more lines are seen for each chlorine 
isotope (Tables 1 and 2). A similar effect was first 
seen and explained by Dehmelt (3) for ‘the iodine 
resonances in SnI,. The number of lines corresponds 
to the number of nonequivalent halogen positions in 
the erystal lattice. Thus each atom experiences a par- 
ticular q, the magnitude of which depends on the par- 
ticular lattice position it oceupies. The value of q in 
these substances does not change greatly from one 
type lattice position to another as evidenced by the 
close spacing of the multiple lines. Fourteen weak 
lines were originally seen for CCl, (Table 2) and 
these were measured at 20° K. Later with a more sen- 
sitive spectrometer, one of the lines at 77° K was re- 
solved into a doublet, which now gives a total of 15 
lines. The erystal structure may be like that of CBr, 
which is reported (4) to be monoelinie and of large 
cell dimensions, apparently with 32 molecules per unit 
cell. It is likely that there is a sixteenth line in CCl, 
that has not yet been observed. 

The frequencies of quadrupole lines shift with tem- 
perature changes, in most cases increasing with de- 
creasing temperature. A theory based on a torsional 
oscillator model has been proposed (5) to explain the 
effect. Briefly the concept is that if there are rapid 
oscillations (compared to the transition frequency) in 
the charge distribution, then the effective value of q is 
an average over the amplitude of these oscillations 
and is thus of smaller magnitude than that given by 
the same charge distribution at rest. Thus decreasing 
the temperature decreases the amplitude of oscilla- 
tions over which q is averaged, and a higher resonance 
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TABLE 1 


MEASURED FREQUENCIES AND RATIOS FOR SOLID 
Cu CoMPOUNDS AT 77° K 


Compound y(Cl*) Me v(Cl*) Me 


socl, 32.0908 25.2935 1.26874 
31.8874 25.1331 1.26874 
CH.Cl, 35.9912 28.3673 1.26876 
Cl, 54.2475 42.7544 1.26882 
CHCl, 38.3081 30.1921 1.26881 
38.2537 30.1500 1.26878 
POCI, 28.9835 22.8432 1.26880 
28.9378 22.8067 1.26883 
TABLE 2 
MEASURED FREQUENCIES (Mc) For CL® 
Compound 77° K 20° K 4°K 
. 40.465 40.732 
40.521 40.794 
40.540 40.800 
40.549 40.826 
40.576 40.831 
40.587 40.888 
40.607 40.895 
40.639 40.918 
40.643 40.965 
40.655 40.972 
40.696 41.022 
40.721 41.045 
40.782 41.109 
40.797 41.139 
40.817 
CH,Cl 34.029 34.199 34.206 
AsCl, 24.960 25.048 25.054 
25.058 25.158 25.167 
25.406 25.520 25.528 
CH,Cl, 35.991 36.233 36.243 
CC1,CC1, 40.761 40.885 
40.714 40.823 
40.685 40.798 
40 551 40.652 


frequency results. At sufficiently low temperatures one 
would expect excited lattice vibrations to be essen- 
tially frozen ont, and the resonance frequency would 
stop increasing with decreasing temperature. The 
measurements in Table 2 show a moderate frequency 
increase in cooling from 77° K to 20° K, while fur- 
ther cooling to 4° K gives very little additional in- 
crease. Dean and Pound (6) have reported higher 
temperature data on a number of substances. In some 
cases crystal phase transitions gave discontinuities in 
a frequeney-temperature graph. One compound had 
four closely spaced lines below the discontinuity while 
two were present above. Usually the frequency shift 
at such discontinuities is small, being of the same 
order as the separations of multiple lines. 
Chemistry. Nuclear quadrupole couplings have been 
determined in a number of gaseous substances by 
studying hyperfine structure of rotational transitions 
in the microwave region. Townes and Dailey (7) have 
diseussed the origin of g and have shown that it is 
almost entirely due to the electron distribution in the 
chemical bond that holds the atom containing a quad- 
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rupolar nucleus in the molecule. Their development 
is based on an atomic orbital model of chemical bond- 
ing, and the general features may be applied to solid 
systems. 

Townes and Dailey point out that q has a very 
large magnitude in many molecules. For example, in 
many chlorine compounds q must be of the order of 
10** esu as determined from magnitudes of observed 
couplings. A (classical) electron near the nucleus, 
say at a distance of 1 A, would give a contribution 
to q over an order of magnitude smaller than the ob- 
served 10'* esu. A reasonable way to account for such 
large field gradients is to make use of appropriate 
atomic orbitals. For example, atomic chlorine has a 
quadrupole coupling of about (—) 110 Me from meas- 
urements by an atomic beam experiment (8). The 
closed electron shells have spherical symmetry and do 
not contribute to q. The outer shell, however, lacks a 
p electron, and it is this departure from spherical sym- 
metry that gives gq a large value. In this case a defi- 
ciency of a p electron from a full shell may be re- 
garded as similar to a surplus of a p electron. It is 
the net unbalance in p orbitals that matters. A p elee- 
tron is so effective because of its nonspherical angular 
distribution near the nucleus (penetrating orbital). 
Electrons described by s type wave functions do not 
contribute to gq because of the spherical symmetry of 
s states. The coupling found in solid chlorine at 20° K 
is only 0.7 per cent lower than the atomic beam value. 
This has been taken as an indication that the chemical 
bond in Cl, uses essentially a pure p atomic orbital 
with very little if any s hybridization. If the bonding 
orbitals could be better described by a mixture of 
s and p orbitals, there would be less net unbalance 
in the electron distribution about the chlorine nuclei 
and q would be smaller. 

If the chlorine atom in the example above were con- 
verted to an ion by adding an electron, it would have 
a noble gas configuration with no unbalance in the 
electron distribution about the nucleus, and q should 
be zero. If, following Pauling (9), a bond to chlorine 
with partial ionic character is considered, the fore- 
going concepts lead usually to the correlation of re- 
duced couplings with increased ionic character. Thus 


.couplings found for many solid inorganic chlorine 


compounds where there is a moderate amount of ionic 
character (BCl,, AsCl,, SnCl,, SiCl,, PCl,, ete.) gen- 
erally are lower than the more covalently bonded or- 
ganie chlorides (CHCl,, CCl,, ete.). An interesting 
example of a reversed type of ionic character is in 
CIF which has a coupling much higher than Cl,. In 
this case there may be contributions from the resonant 
structure Cl+ F-, and the ionic character is in the 
direction of increasing the departure from spherical 
symmetry in the charge distribution about the chlorine 
nucleus. Finally, if a partial double bond is formed, 
the coupling will be lowered. For example, if an atom 
is bonded with essentially a sigma p orbital, q will 
have a large magnitude. If there is also partial double 
bond character through the use of pi p orbitals, there 
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COMPOSITION (arbitrary units) 


Fic. 2. Cl quadrupole couplings in alkyl chlorides at 20° K. 


will be some contributions to q from this source. These 
contributions are properly represented by tensors. 
One effect of the pi contribution is to give a tensor 
element that subtracts from the magnitude of the 
major element (q,-) of the sigma contribution. The 
net effect is a decreased coupling. A second effect of 
the pi contribution is to give asymmetry to the coup- 
ling, » + 0. This effect will be briefly mentioned later. 

The chloroethanes (Fig. 2) show a coupling de- 
crease each time a Cl atom is replaced by H. Replace- 
ment of H atoms by CH, groups results in further 
systematic coupling decreases. Here the coupling is 
taken as twice the observed transition frequency, the 
average frequency being used in cases where closely 
spaced multiple lines are seen. The coupling trend 
may be explained in terms of variations in the amount 
of ionic character in the bond. For example, the more 
chlorine atoms per molecule the less the ionic char- 
acter in each C—Cl bond and the higher the coupling. 
The interpretation is consistent with the general chem- 
ieal properties of the substances involved. Additional 
correlations have been made on several chloroethanes, 
and in each ease the coupling trend may be reasonably 
explained by considering the electronegativities of the 
atoms involved and their effect on the C—Cl bond 
ionic character. The one carbon Freons have been 
correlated in a similar manner, but in this ease the 
use of an additional parameter, partial double bond 
character, was used. Pauling (9) first proposed this 
concept (F-C=Cl* resonant structures) to explain 
bond lengths in the Freons. Measurements have re- 
cently been made on several corresponding bromine 
and iodine compounds (10), and there is a striking 
parallelism in trend. A few of these include the coup- 
ling in CH,Br, which is appropriately higher than 
CH,Br while CH,CH.Br is lower. Moreover the value 
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in CH,CH,CH,Br is very close to CH,CH,Br, very 
similar to the corresponding chlorine cases. Compari- 
sons of solid values with microwave gas values show 
good agreement in several cases and marked depar- 
tures, up to 10 per cent, in others. Although the solid 
values are for molecular crystals where the intermo- 
lecular interactions are presumably weak, the com- 
parisons seem to suggest a change in the nature of 
the bond in going from the gaseous to the solid state. 
One of the large problems is to properly interpret 
the role of lattice effects. Townes and Dailey (11) 
have interpreted the quadrupole data on solid iodine 
in the light of its crystal structure. They conclude 
that in addition to the main molecular covalent bond, 
there are two weak intermolecular bonds to each atom. 

The Zeeman Effect. Bersohn (12) has given a theo- 
retical treatment of nuclear quadrupolar systems both 
in the absence and presence of a magnetic field. A 
magnetic field will remove the twofold degeneracy of 
the quadrupolar levels and in principle allow a larger 
number of lines (Zeeman components) to be observed. 
In order to illustrate the phenomenon a simple case 
will be considered. The energy levels and allowed 
transitions for chlorine (I=3/2) in the presence and 
absence of an applied magnetic field are indicated in 
Fig. 3. The magnitude of the magnetic splitting (spac- 
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Fie. 3. The nuclear electric quadrupole energy levels for 
chlorine, with and without an applied magnetic field. 


ing of Zeeman components) depends on the magnetic 
field strength, H, and the angle, 6, between the diree- 
tion of the magnetic field and q,.. We will consider 
the coupling to have axial symmetry, n=0. For an 
arbitrary angle § and for 1=3/2, a single quadru- 
pole line will split into four Zeeman components sym- 
metrically displaced about the original frequency. For 
special values of 6 some of the lines coincide. Only 
two lines are present for 6=90° and three lines for 
§=54°44’, the central line coinciding with the fre- 
quency of the unsplit quadrupole line. A powder sam- 
ple gives a random spread in values for 6, and the 
application of a magnetic field merely causes the line 
to broaden and, with high enough field, become un- 
detectable. 

Let us consider the Zeeman effect in a single crystal 
of sodium chlorate (10). The erystal structure (4) is 
eubie with four molecules in the unit cell, and all 
chlorine atoms occupy equivalent lattice positions. In 
the absence of a magnetic field a single quadrupole 
resonance for Cl®° appears at about 30 Me. The four 
Cl10,- ions in the unit cell have a pyramidal config- 
uration with a threefold axis of symmetry, and these 
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Fic. 4. Quadrupole resonance in a NaClO, single crystal without an applied magnetic field (left) and with a field of 
approximately 50 gauss applied along a twofold axis of the cube. 


axes lie along the directions of the four body-diago- 
nals of the cube. The direction of q.. for each lies 
along these symmetry axes, and from erystal sym- 
metry n=0. Thus each chlorate ion has its own field 
gradient system, equivalent except for direction, and 
the application of an external magnetic field will, in 
general, give a separate set of four Zeeman compo- 
nents for each of the four chlorine atoms. The na- 
ture of the splittings will depend on the orientation of 
the magnetic field with respect to the diagonals of the 
eube. If the field is oriented normal to a face of the 
eube, it makes an angle of 54°44’ with each of the 
diagonals, and all four sets of Zeeman components 
are superimposed. A total of three lines are present 
since this special angle gives a three line pattern. 

Figure 4 is a recording of the Zeeman components 
for Cl** in sodium chlorate with a field of approxi- 
mately 50 gauss oriented along a face diagonal (two- 
fold axis) of the cube. The field direction makes an 
angle of 90° with two of the body diagonals giving 
two components and an angle of 35°16’ with the 
other two diagonals giving four more components. A 
recording is also shown for the unsplit quadrupole 
line. The second derivative of the absorption line is 
recorded. 

Asymmetry in the Field Gradient Tensor. A meas- 
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urement of », the departure of the coupling from axial 
symmetry, often allows more to be understood about 
the chemical substance. In the previously mentioned 
study of the intermolecular bonding in solid iodine 
(11) » was one of the important parameters. If the 
coupling is not axially symmetric a different expres- 
sion must be used for the energy levels (12). The 
magnitude of » can be evaluated directly from the 
pure quadrupole spectrum for all spin cases except 
I=3/2. For example, the energy levels of the iodine 
nucleus (J =5/2) with n=0 give rise to two lines, 
one having exactly twice the frequency of the other. 
However, if » + 0 the ratio is not 2:1, and the actual 
ratio can be used to evaluate the asymmetry. Dean 
(13) has demonstrated that the asymmetry can also 
be evaluated for the 1=3/2 case by performing a 
Zeeman experiment. He observed the chlorine reso- 
nance in a single erystal of p-dichlorobenzene in the 
presence of a constant magnetic field. By carefully 
studying the line frequencies with different orienta- 
tions of the crystal in the magnetic field he was able 
to locate the directions of the principal axes in the 
erystal and evaluate q and 4. He indicated that the 
asymmetry could be due to double bond character in 
the C-Cl bond. 

Quadrupole spectroscopy is a field that has at- 
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tracted both physicists and chemists. It has certain 
areas of applications for nuclear moment determina- 
tions. In some eases nuclear quadrupole moment ratios 
of isotopes can be accurately measured. The magni- 
tude of the quadrupole moment, however, can be 
evaluated to no greater accuracy than the value of 
q can be estimated. It has been pointed out that the 
Zeeman effect is sensitive to H and @ and to a lesser 
extent n. The magnitude of the separation of the Zee- 
man components also depends on the nuclear mag- 
netic moment, and the phenomenon ean be used to 
evaluate the magnitude of this moment. In this re- 
spect the application will probably be limited in view 
of other much more powerful methods. 

Studies on the nature of q are particularly appeal- 
ing to the chemist because of the information on 
chemical binding that may be derived. Many more 
substances can be studied than by the microwave 
method on gases, but there is the very great compli- 
eation of evaluating the role of. lattice interactions 


and motions in the lattice. In these respects the field 
is very new and there are many questions to be an- 
swered. An appealing experimental feature of the 
method is that the instrumentation is often quite in- 
expensive and relatively simple to construct. 
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News and Notes 


Cold Spring Harbor Symposium on the 
Biological Nature of Viruses 


THE 18th Symposium on Quantitative Biology of 
the Long Island Biological Association, held June 5 
through 11, was devoted to a consideration of the 
biological nature of viruses, and of the interactions 
between viruses and their host cells. M. Delbruck 
opened the Symposium with an outline of the pro- 
gram, in which he distinguished and defined three 
states of viruses, the infective, vegetative, and pro- 
virus states. In the infective state the virus is extra- 
cellular, metabolically inert, resting between cycles of 
reproduction. It is extracellular virus which has been 
most extensively studied by physical, chemical, and 
immunological techniques, and which is best known 
because of its accessibility. It is however of less in- 
terest to biologists than the intracellular states in 
which the virus demonstrates some of the properties 
of a living organism. In the vegetative state, the virus 
is intracellular, virus reproduction oceurs, genetic 
changes of the virus take place, and the host cell 
metabolism is so disorganized that the pathology of 
virus diseases is produced. In the provirus state, the 
virus coexists with its host cell in a symbiotic rela- 
tionship in which the virus assumes the de facto role 
of a genetic unit of its host cell. The provirus protects 
its host cell against the attack of related viruses, pro- 
foundly affeets the geneties of its host cell, and is a 
natural method for the storage and preservation of 
viruses. 

Evidence for the existence of the vegetative state 
in bacteriophages was presented by Doermann, and 
the stages in its maturation to the infective state were 
discussed by Levinthal. The intracellular development 
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of influenza virus was described by Henle and by 
Schlesinger, while developmental stages in other mam- 
malian viruses were diseussed by Sanders and by Mel- 
nick. Genetic recombination in bacteriophage was re- 
viewed by Doermann, and analogous phenomena in 
mammalian viruses were deseribed by Appleby and 
by Hirst, and a paper on this subject by Burnet was 
read by Fenner. The striking similarities between bac- 
teriophages and animal viruses were made apparent, 
as well as the extraordinary difficulty of studying 
animal viruses by the usual techniques. 

The properties of the provirus state in lysogenic 
bacteria were discussed by Bertani, including genetic 
interactions with related viruses and the protective 
effect of provirus against host cell destruction by re- 
lated viruses. Bertani suggested that the prophage 
may be attached to some chromosome-like structure 
in the bacterial nucleus and so divides with it in cell 
duplication. Experiments on the inheritance of pro- 
phage lambda in crosses of E. coli K12, reported by 
Appleyard, were consistent with this hypothesis. The 
conditions involved in the transition from infective 
phage to prophage were discussed by Bertani and by 
Lieb. The physiological state of the host cell, the tem- 
perature, and the multiplicity of infection are im- 
portant factors, as well as the genetic constitutions 
of host cell and virus. The transition from provirus 
to the vegetative state, the phenomena of induction, 
was described by Jacob, who suggested that the pri- 
mary event is a local disturbance in the bacterium 
which dislodges the prophage from its locus on the 
bacterial chromosome so as to permit its uncontrolled 
multiplication. Evidence suggesting that genetic re- 
combination in bacteria may be mediated by an agent 
analogous to a virus was presented by Hayes. This 
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agent controls the fertility of the bacterial cell and 
the direction of genetic transfer and possibly acts as 
a veetor of genetic material. 

The structure of the phage particle in the infective 
state was described from information derived from 
immunological methods by Lanni, from electron mi- 
croscopy by Robley Williams and T. F. Anderson, 
and from interactions with the ionic environment by 
Lark and Adams. The phage particle is differentiated 
morphologically and immunologically into head and 
tail, and chemically into protein and nucleic acid. The 
phage particle becomes attached to the host cell by 
the tip of its tail, the protein portion being an ap- 
paratus for the introduction of nucleic acid into the 
host cell. The evidence presented by Hershey that 
nucleic acid alone may be the determinant of genetic 
specificity in viruses, as had previously been demon- 
strated for bacteria, has focused renewed interest on 
the structure of the nucleic acid molecule. Recent con- 
cepts of nucleic acid structure were presented by 
Watson and by Markham and were diseussed in rela- 
tionship to virus reproduction. The nucleic acid mole- 
eule seems complicated enough to account for all the 
specificity demanded by the geneticist. 

The fate of the chemical components of the infect- 
ing virus particle, and the source of the raw materials 
needed for virus multiplication were discussed by 
Hershey and by Kozloff. The parent phage particle 
does contribute some material to the progeny, but the 
complexity of this material is still unknown. The bac- 
terial contribution seems to consist mainly of strue- 
turally simple substances. The effects of virus infee- 
tion on host cell metabolism were discussed by S. S. 
Cohen, who suggested various shifts in carbohydrate 
and pyrimidine syntheses to explain the observed re- 
sults. The new base, hydroxymethyleytosine, discov- 
ered in phage T2 by Cohen and Wyatt, played a 
prominent role in these discussions. 

The marked effect of virus reproduction on the 
properties of the infected host cell has always been 
evident to virologists. That the host cell may modify 
the properties of the infecting virus has not been so 
obvious. Several examples of temporary modifications 
of host range in phages produced by passage through 
certain host cells were discussed by Luria. The very 
important role that prophages may play in the adap- 
tive modification of the typhoid typing phages was 
pointed out by E. S. Anderson. The mechanism of 
these induced modifications of viral properties is still 
obseure. The role of the host cell in reviving the in- 
fectivity of phages inactivated by ultraviolet irradia- 
tion was discussed by Bowen. 

An important property of bacteriophages is the 
ability to transfer genetic characteristics from one 
bacterial strain to another. Zinder presented the hy- 
pothesis that genetically active fragments of host cell 
nucleic acid are built into the virus particle, which 
then serves as a vector for the transport of this mate- 
rial and for its introduction into a second bacterium. 
The similar process of bacterial transformation, in 
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which bacterial nucleic acid is transferred from cell 
te cell without an obvious veetor, was discussed by 
Hattie Alexander. 

The final session of the symposium was devoted to 
striking developments in tissue culture methods for 
the study of mammalian viruses. Plating methods for 
the production of virus plaques with encephalitis and 
poliomyelitis viruses were described by Dulbecco, who 
has also used suspensions of mammalian cells for one- 
step growth and single-cell experiments. Syverton de- 
seribed pure cultures of single types of mammalian 
celis which can be subeultured indefinitely in vitro 
and which support growth of many strains of viruses. 
The development of these tissue culture techniques 
should greatly facilitate the investigation of the bio- 
logical properties of mammalian viruses. 

The study of viruses as organisms rather than as 
the agents of disease was envisaged by Burnet years 
ago, but suitable techniques were not then available. 
In recent years, however, the subject of virus research 
has changed from the extracellular, infective state to 
the intracellular, vegetative state, in which the virus 
plays its role as an organism and as a pathogen. It is 
to the credit of the National Foundation for Infantile 
Paralysis that they have supported much of the basic 
research which has made this change of emphasis 
possible. 

The Symposium on Viruses owed much of its sue- 
cess to the interest and support of the National Foun- 
dation for Infantile Paralysis. The papers and dis- 
cussions will be published as Vol. 18 of the Symposia 
on Quantitative Biology before the end of the year. 

Mark H. ApAms 
Department of Microbiology 
New York University, Bellevue Medical Center 


Scientists in the News 


Fred Allison has retired as Head of the Department 
of Physies and Dean of the Graduate School at 
Alabama Polytechnie Institute, Auburn. 


F. C. Bishopp, since 1904 associated with the U.S. 
Department of Agriculture’s Bureau of Entomology 
and Plant Quarantine, has resigned as Assistant Bu- 
reau Chief to accept a position with the Osear John- 
ston Cotton Foundation as coordinator of all federal, 
state, and industry-sponsored research concerned with 
the control of the pink bollworm. His headquarters 
will be at Brownsville, Tex. He is succeeded in the 
Department of Agriculture by Edward F. Knipling, 
who joined the Bureau of Entomology and Plant 
Quarantine in 1930. Since 1946 Dr. Knipling has been 
leader in the Bureau’s Division of Insects Affecting 
Man and Animals. 


Jonas J. Christensen, staff member of the Institute 
of Agriculture at the University of Minnesota since 
1920, has sueceeded Elvin C. Stakman as Head of the 
University’s Department of Plant Pathology and Bot- 
any. In 1929-30 Dr. Christensen studied in Europe as 
a Guggenheim Memorial Fellow, and in 1950 he spent 
four months in Japan as a plant pathologist with the 
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Natural Resources Section, Department of the Army. 
As a result of his work in analyzing and evaluating 
disease problems in production and storage of Japa- 
nese food crops, he was made an honorary member of 
the Japanese Phytopathological Society. He is the 
author of many teehnieal papers and he has served 
as Associate Editor of the journal Phytopathology 
and as President of the American Phytopathological 
Society. 


G. Arthur Cooper, Curator of the Division of In- 
vertebrate Paleontology and Paleobotany of the U.S. 
National Museum in Washington, D.C., has been 
awarded an honorary doctor of science degree by 
Colgate University. 


Morris B. Jacobs has been appointed Director of the 
Laboratory of Air Pollution Control, Department of 
Air Pollution Control, City of New York. Dr. Jacobs 
has been a member of the staff of the City’s Depart- 
ment of Health for the past 25 years, his last assign- 
ment having been that of Chief Organic Chemist of 
the Bureau of Laboratories. 


Herbert T. Kalmus, President and General Manager 
of the Technicolor Motion Picture Corporation, Holly- 
wood and New York, is a new member of the Board 
of Directors of the Stanford Research Institute, 
Stanford. Dr. Kalmus, a chemical engineer, is also 
President and General Manager of Technicolor, Ine. 
of New York and Chairman of the Board of Techni- 
color, Ltd. of London. 


John L. Kask, a veteran of more than 25 years of 
activity in the field of fishery management and re- 
search, has resigned as Assistant Director of the Fish 
and Wildlife Service to accept the position of Chair- 
man of the Fisheries Research Board of Canada, 
Ottawa. 


Thomas L. Kesler, recently a geologist for U.S. 
Steel in the Alabama area, has joined Foote Mineral 
Company, Philadelphia, as geologist. His first assign- 
ment will be at Foote’s Kings Mountain Mining Divi- 
sion. 


The Medical Library Association has presented the 
Marcia ©. Noyes Award for outstanding servite in the 
field of medical librarianship to Mary Louise Marshall, 
Librarian of the Orleans Parish Medical Society 
Library, 1920 to date, and currently also Medical 
Librarian and Professor of Bibliography at the Tu- 
lane University School of Medicine. Miss Marshall 
has served the Medical Library Association in several 
capacities, this service being indicative of her loyalty 
to the Association and her foresight with respect to 
the needs of the profession. 


Lawrence Peters, Associate Professor of Pharma- 
cology at Western Reserve University, has been ap- 
pointed Professor and Chairman of the Department 
of Pharmacology at the Tulane University School of 
Medicine. Dr. Peters sueceeds Ralph G. Smith, who 
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resigned in 1950 to accept an appointment as Medical 
Officer for the U.S. Food and Drug Administration. 


Geoffrey William Rake, Coordinator of the Office of 
Scientifie Affairs of E. R. Squibb and Sons Division, 
Mathieson Chemical Corporation, has been named a 
member of the Board of Directors of the American 
Institute for the Tropics, New York, and Chairman 
of its Committee on Medicine and Public Health. He 
will leave shortly for international scientific congresses 
in Istanbul and Rome. 


Julius B. Richmond, Professor of Pediatrics at the 
University of Illinois and Superintendent of the Insti- 
tute for Juvenile Research, has been appointed Chair- 
man of the Department ef Pediatrics at the State Uni- 
versity of N.Y. College of Medicine. He will be the 
first full-time professor of pediatries on the college 
staff. He succeeds Tyree Wyatt, who administered the 
Department on a part-time basis and who will con- 
tinue his participation in the teaching program as 
Clinieal Professor of Pediatries. Dr. Richmond was 
for three years co-editor of Yearbook of Pediatrics 
and was also one of the authors of An Introduction to 
Pediatrics. 


Augustus B. Wadsworth, formerly Director of the 
Division of Laboratories and Research of the New 
York State Department of Health, has been awarded 
the Hermann M. Biggs Medal for outstanding service 
to public health. The medal, established by the New 
York State Public Health Association, was presented 
to Dr. Wadsworth at the Association’s annual meet- 
ing. 


Daniel Thomas Watts of the University of Virginia 
Medical School has been appointed Professor and 
Head of the Department of Pharmacology in the 
West Virginia University School of Medicine. 


Kurt F. Wendt, Professor of Mechanies and since 
1948 Associate Director of the Wisconsin Engineering 
Experiment Station, has been named Dean of the Uni- 
versity of Wisconsin College of Engineering. Dr. 
Wendt, who recently returned from a 20-day flying 
trip to India to conduct a technical edueation and 
research survey for the U.S. State Department, sue- 
ceeds Morton O. Withey who retired July 1. William 
R. Marshall, Jr., Associate Professor of Chemical 
Engineering, has been appointed Associate Dean of 
the College of Engineering and Associate Director of 
the Wisconsin Engineering Experiment Station. 


Stephen Wilson, former Vice Dean of the School of 
Pharmacy at the University of Pittsburgh, has been 
appointed to succeed Roland T. Lakey, Dean of 
Wayne University’s College of Pharmacy, who retired 
this June after 29 years at the University. 


Henry M. Woodburn has been appointed Dean of 
the Graduate School at the University of Buffalo, ef- 
fective July 1. Since 1945 Dr. Woodburn, an in- 
organie chemist, has been Chairman of the U.B. Chem- 
istry Department. 
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Education 


United Cerebral Palsy has arranged five summer 
workshops designed to train teachers in the care and 
education of children with cerebral palsy. They will 
be held at the Universities of Arizona, Texas, and 
Nebraska, at San Francisco State College, and at 
Teachers College of Columbia University. The work- 
shops were arranged by Maurice H. Fouracre, Head 
of the Department of Special Education at Teachers 
College, who is Chairman of the UCP Educational 
Advisory Board. 


Catalogues of courses to be offered by the new Col- 
lege of Letters and Science of the University of 
California at Riverside are now availabie at the office 
of the registrar. Applications for admission to the 
four-year liberal arts college, which opens next Feb- 
ruary, must be filed by Jan. 15. 


The University of Vermont College of Medicine was 
chosen as one of five medical schools in the United 
States to receive a $1000 scholarship award, which is 
given annually by the Mead Johnson Company, manu- 
facturers of infant foods, to a graduating senior to 
enable him to take a year of general practice resi- 
deney following his internship. The UVM recipient 
is Delbert D. Griffith. 


Grants and Fellowships 


Dietmar Seyferth, a 24-year-old German-born grad- 
uate student at Harvard University, has been chosen 
to receive the first $2000 Charles Lathrop Parsons 
Scholarship of the American Chemical Society. Mr. 
Seyferth was selected by Charles Lathrop Parsons, 
former Chief Chemist of the United States Bureau of 
Mines and Secretary of the Society from 1907 to 1945, 
for whom the scholarship is named. Dr. Parsons, now 
86, was chosen last December as winner of the So- 
ciety’s first Charles Lathrop Parsons Award. The award 
confers on the recipient the privilege of designating 
the next Parsons Scholar, who may study for one year 
at any institution he selects and in any field, provided 
it has some relationship or value to chemistry or chemi- 
eal engineering. The award will be presented no more 
than once in every three years to a chemist or chemi- 
eal engineer chosen solely for publie service activities. 


There were 13 anthropologists, 2 geographers, and 
3 sociologists included in the group of 97 Ford Foun- 
dation Foreign Study and Research Fellowships 
awarded last month. The average age of the recipients 
was 29, and the awards were for periods of 1 to 214 
years for studies in Asia or the Near and Middle East. 
It is expected that a similar program, a third series of 
Foreign Study and Research Fellowships, will be an- 
nounced next fall. 


The Fund for the Advancement of Education has 
granted 290 fellowships to high school teachers in the 
U.S. and possessions, for the academic vear 1953-54. 
The grants, aggregating approximately $1,500,000, 
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are designed to enable the recipients to forgo regular 
teaching duties for a full year, and to pursue self- 
designed programs to deepen their liberal education, 
improve their teaching ability, and increase their 
effectiveness as members of their school systems and 
communities. Grants were made to 140 men and 150 
women; 184 were in the social sciences, 48 in mathe- 
maties and the natural sciences, and 24 in the arts, 
business administration, physical education, and in- 
dustrial arts. 


The George Washington University has received 
from Eli Lilly and Co. two grants, totaling $10,250, 
for medical research in the value and effectiveness of 
certain vaccines and drugs used in combating infant 
and childhood diseases. John P. MeGovern, Assistant 
Professor of Pediatrics, will direct a study of the 
immunity to whooping cough that is developed in in- 
fants by the use of new vaccines. Josephine Kety and 
Leroy Hoeck, medical officers in pediatrics, will share 
with Dr. MeGovern the direction of a study of the 
value of erythromycin in treating infant and child- 
hood diseases. 

The Lowell M. Palmer Fund, established this year 
by Carleton H. Palmer in memory of his father, and 
administered by Cornell University Medical College, 
has announced the recipients of the first six awards 
under the Lowell M. Palmer Senior Fellowships in 
Medical Sciences. They are: $8000 to Joseph Dancis, 
New York University College of Medicine, whose field 
is Physiology of the Newborn; $6000 to Franklin W. 
Heggeness, University of Rochester, in the field of 
Physiology of the Gastrointestinal Tract; $8000 to 
Charles A. LeMaistre, Cornell University Medical 
College, in the field of Chronie Bacterial Infections; 
$6000 to William R. Milnor, Johns Hopkins Univer- 
sity School of Medicine, in Cardiovascular Research ; 
$8000 to David Karzon, University of Buffalo, in the 
field of Viral Infections; $8000 to Maurice S. Raben, 
Tufts College Medical School, in the field of Pituitary 
Hormones. 


The National Research Council of Canada has 
granted 226 scholarships in science and engineer- 
ing for 1953-54. Twenty-four special scholarships 
awarded for study abroad are to be held in the fol- 
lowing universities: eight at London, four at Cam- 
bridge, three at Oxford, two each at Birmingham and 
North Carolina, and one each at the Massachusetts 
Institute of Technology, and the universities of Chi- 
cago, Delaware, Pennsylvania, and Wisconsin. Over- 
seas postdoctoral fellowships have been granted for 
work at the following universities: three each at Ox- 
ford, Cambridge, and London, and one each at the 
National Institute for Medical Research, and the 
universities of Birmingham, Leiden, Louvain, and 
Uppsala. 


Grants in aid of research amounting to more than 
$135,000 since April 14 have been announced by 
Research Corporation, a nonprofit foundation which 
has distributed approximately $7,500,000 in grants 
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since it was established by the late Frederick Gardner 
Cottrell in 1912. The Advisory Committee, whose 
recommendations were the basis for the current grants 
awarded, will meet again in September to consider 
further applications made during the summer. The 
grants, ranging from $400 to $8700, were made di- 
rectly to U. S. colleges and universities, to provide 
support for specific research projects at early, critical 
stages of their development. Of the 64 grants an- 
nounced, 45 were awarded under the Cottrell grants 
program, which aids science and teaching in the 
smaller colleges. The remaining 19 go to institutions 
under the general grants program, to support re- 
search of a pioneering nature. Among the projects 
to be supported by the grants are investigations on 
the interactions of cosmic rays, a new system of elec- 
trochemical analysis, and the potassium-argon method 
of dating geological specimens. 


UNESCO's Advisory Committee on Arid Zone Re- 
search, at its fifth semi-annual meeting in Paris dur- 
ing the week of May 11, authorized grants totaling 
$7675 for five new research projects and proposed the 
publication of a comprehensive guide for the collec- 
tion of information needed for the improvement of 
living conditions in semiarid and arid areas. The com- 
mittee also chose Bangalore, India, for a symposium 
on wind and solar energy to be held in the autumn of 
1954. The research grants are: $2835 to Jaswant Col- 
lege, Jodhpur, India, where Daya Krishna, Professor 
of Zoology, will study the habits of the vertebrate 
animals in relation to the local vegetation in the 
Desert of Rajputana, and their role in maintaining or 
spreading desert conditions; $2000 to the Interna- 
tional Geographical Union for a study of the geo- 
graphic potentiality of coastal deserts in Argentina, 
Australia, Mexico, Pakistan, Peru, and the Middle 
East; $1000 toward an international expedition to 
explore the Sahara and Sudan arid regions under 
the direction of Franz Kollmannsperger, zoologist of 
the University of Saarbriicken; $2000 to the Fuad I 
Desert Institute at Heliopolis, Egypt, for a sym- 
posium on desert research and development in Egypt 
and the Arab countries, to be held in Cairo in Sep- 
tember; $840 to the Institute of Biology in Great 
Britain for the publication of the proceedings of the 
symposium held in London in 1952, on the Biology 
and Productivity of Hot and Cold Deserts. 


In the Laboratories 


Three new appointments have been made at the Los 
Alamos Scientific Laboratory of the University of 
California. Nelson Jarmie, previously of the Radia- 
tion Laboratory of the University of California at 
Berkeley, will join the Experimental Physies Divi- 
sion; James M. Kister, who was pursuing graduate 
study at Harvard, will be in the Theoretical Physics 
Division; and Dean F. Mitchell, previously of the 
Guide Lamp Division of General Motors, will join 
the GMX Division at Los Alamos. 
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The Mount Desert Island Biological Laboratory, 
Salisbury Cove, Maine, has received a 3-year grant 
from Eli Lilly and Co. Each year $550 will be avail- 
able for general support of the summer program, 
which features basie research in the fields of renal 
physiology and electrolytic balance, and of tissue 
culture. 


Paul H. Serutehfield and Walter J. Thome have 
joined the General Research Organization of Olin 
Industries, Inc. They are chemists in the film and 
cellulose section and are located in the East Alton 
plant, Company headquarters. 


Creation of an Industrial Economies Department 
by Southwest Research Institute has been announced. 
Concerned largely with economies in the technical 
and production fields, the new department was estab- 
lished June 1 with the appointment of C. A. Harrell 
as chairman. 


One of the first academic installations of a com- 
pletely air-conditioned and temperature-controlled lab- 
oratory for research in the chemistry of refrigerators 
and refrigerating systems has been completed at the 
University of Miami. It will be under the direction of 
Walter O. Walker, Dean of the University’s Division 
of Research and Industry. 


Meetings and Elections 


The 19th Annual Meeting of the American College 
of Chest Physicians, held in New York City, May 
28-31, surpassed all previous records for attendance. 
Approximately 1500 registered, including 1200 mem- 
bers and guest physicians, and 300 non-physician 
guests. The following officers were elected for the 
year 1953-1954: president, Alvis E. Greer, Houston, 
Tex.; president-elect, William A Hudson, Detroit, 
Mich.; 1st vice president, James H. Stygall, Indian- 
apolis, Ind.; 2nd vice president, Herman J. Moersch, 
Rochester, Minn.; treasurer, Charles K. Petter, Wau- 
kegan, Ill.; assistant treasurer, Albert H. Andrews, 
Jr., Chieago, Ill.; chairman, board of regents, Donald 
R. MeKay, Buffalo, N.Y.; historian, Carl C. Aven, 
Atlanta, Ga. 


At the 78th Annual Meeting of the American Neuro- 
logical Association the following officers were elected 
for the year 1953-54: president, Roland P. Mackay; 
president-elect, Percival Bailey; first vice president, 
William G. Lennox; second vice president, Russell 
Meyers; secretary-treasurer, H. Houston Merritt; 
assistant secretary, Charles Rupp. 


Cornell Aeronautical Laboratory, Inc., has selected 
officers for the fiseal year 1953-54. Reelected to head 
the Buffalo research laboratory were: president and 
chairman of the board, Theodore P. Wright; execv- 
tive vice president and director of the laboratory, 
Clifford C. Furnas. The laboratory is a non-profit 
and self-sustaining affiliate of Cornell University, and 
operates as a corporate entity in Buffalo, New York. 
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The Federation of American Scientists has recently 
installed its officers for 1953-54. The new chairman 
is David L. Hill, Professor of Physies at Vanderbilt 
University and the vice-chairman is Edward U. Con- 
don, Director of Research at the Corning Glass 
Works. Serving with them on the Executive Com- 
mitte are Lewi Tonks of G.E.’s Knolls Atomie Power 
Laboratory (secretary), Hugh C. Wolfe, Head of the 
Physics Department at The Cooper Union School of 
Engineering (treasurer), Jules Halpern, Professor of 
Physies at the University of Pennsylvania, M. Stan- 
ley Livingston, Professor of Physies at M.I.T., and 
Clifford Grobstein of the National Institutes for 
Health, Bethesda, Md. The role played by the Fed- 
eration in bringing the implications of the Astin dis- 
missal to the attention of scientists and the public 
has resulted in a considerable increase in membership. 


The U.S.A. National Committee of the International 
Scientific Radio Union (URSI) is sponsoring a Fall 
Technical Meeting jointly with the Canadian National 
Committee, URSI, and the IRE Professional Group 
on Antennas and Propagation. The meeting will be 
held at the National Research Council, and the De- 
fence Research Board, Ottawa, Canada, October 5-8, 
1953. This is the first meeting jointly sponsored by the 
U.S.A. and Canadian National Committees of URSI. 
Further information about the newly-formed Cana- 
dian Committee is available from its secretary, J. C. 
W. Seott, Defence Research Board, Ottawa, Canada. 


The 1st Annual Meeting of the Inter-Society Cytol- 
ogy Council will be held in Philadelphia, November 
19-20. All those interested in presenting papers per- 
taining to the cytologic method for the diagnosis of 
cancer and related subjects are urged to send titles, 
together with an informative abstract of not more 
than 300 words, to the Chairman of the Program 
Committee, Dr. A. E. Rakoff, Jefferson Medical Col- 
lege, 1025 Walnut St., Philadelphia 3, Pa. All titles 
and abstracts must be received before August 1. 


Miscellaneous 


A non-profit foundation established for the purpose 
of assisting worthy projects in psychological educa- 
tion and research has been incorporated as a sister 
organization to the American Psychological Associa- 
tion. The new group is known as the American Psycho- 
logical Foundation. It will be administered by a 
Board of Trustees made up of the seven past presi- 
dents of the A.P.A. They are: J. MeV. Hunt, Univer- 
sity of Illinois; R. R. Sears, Stanford University; J. 
P. Guilford, University of Southern California; E. 
R. Hilgard, Stanford University; D. G. Marquis, 
University of Michigan; C. R. Rogers, University of 
Chicago; and H. E. Garrett, Columbia University. 
The Foundation’s principal offices will be in the new 
$250,000 building at 1333 16th St., N.W., Washington 
6, D.C., recently purchased by the A.P.A. Since the 
Association publishes ten journals as well as a diree- 
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tory of its 11,000 psychologist members, it had a real 
need for its new headquarters. 


The American Museum-Hayden Planetarium, New 
York City, will offer its streamlined courses in basic 
astronomy, navigation and meteorology especially 
designed for the layman, beginning in September. 
Each course includes a lecture and demonstration once 
a week presented informally by a member of the Plane- 
tarium staff, utilizing the unique projection facilities 
of the Planetarium. Interested prospective students 
are invited to attend the free introductory sessions 
offered at the start of each course. 


No objection was raised to HR5016 in a House 
Interstate Committee hearing. The bill would strike 
“aureomycin” from the Federal Food & Drug Act and 
substitute the chemical term “chlortetracyeline.” Pas- 
sage of the bill is required before Lederle ean apply 
for registration of “Aureomycin” as a trade mark 
which in turn, is a requisite for eurbing unauthorized 
use of the name in pharmaceutical manufacture 
abroad. 


The proceedings of the 1952 Biology Spring Confer- 
ence on “Some Aspects of Microbial Metabolism,” 
held at Oak Ridge National Laboratory on April 
10-11 of last year under the sponsorship of the ORNL 
Biology Division, have been published as Supplement 
I, Volume 41, March, 1953, to the Journal of Cellular 
and Comparative Physiology. A limited number of 
the 282-page volumes are available without cost to 
specialists in the field. Requests should be made in 
writing to the Biology Division, Oak Ridge National 
Laboratory, Post Office Box P, Oak Ridge, Tenn. 


June 7th marked the 200th anniversay of the 
British Museum. Sir Hans Sloane, ealled “the father 
of natural history,” died in 1753 and placed his valu- 
able private museum at the disposal of his country. 
A special Act of Parliament later that year accepted 
the gift and created the nucleus of today’s British 
Museum, which was first opened to the public in 1759. 


An expanded editorial policy and a new editorial 
board have been announced for the journal Human 
Biology. A grant from the Wenner-Gren Foundation 
for Anthropological Research, which will insure pub- 
lieation of a full volume this year, will also enable 
the editors to widen the scope of interests represented 
in the journal. Gabriel Lasker of the Department of 
Anatomy of Wayne University is Editor, and asso- 
ciated with him will be a five-man editorial board em- 
bracing a range of interests from evolution to bio- 
statisties. They are: Joseph Brozek, Laboratory of 
Physiological Hygiene, University of Minnesota; 
Bentley Glass, Department of Biology, The Johns 
Hopkins University; Donald Mainland, Department 
of Medical Statistics, New York University; James 
N. Spuhler, Institute of Human Biology, University 
of Michigan; and William L. Straus, Jr., Laboratory 
of Physical Anthropology, The Johns Hopkins Uni- 
versity. 
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Technical Papers 


Biophysical Methods for the Assay of the 
Life Span of Red Blood Cells* 


Harold C. Box, Worthington G. Schenk, 
and Charles E. Wiles? 


Surgical Laboratory, Meyer Memorial Hospital, 
Buffalo, New York 


Radioactive iron, principally Fe®*, has been used 
frequently as a tracer in the study of red cell dynam- 
ies. This isotope which can be incorporated into the 
erythrocyte in vivo remains in the cell during its life 
span. However, upon the death of old cells, the iron 
is almost quantitatively reincorporated into new ery- 
throcytes thus rendering uncertain the interpretation 
of many investigations. The rapid reutilization of iron 
has been demonstrated at this laboratory during the 
course of our investigations of the fate of transfused 
red cells. In an effort to avoid this difficulty we have 
been led to a consideration of other isotopes as ery- 
throcyte tracers. The work cf Shemin and Rittenberg 
(1) indicates that N*° can be satisfactorily incorpo- 
rated into the erythrocyte in vivo. An experimental 
study was undertaken to compare the relative reutili- 
zation of Fe®® and N* after the destruction of the 
tagged erythrocytes. 

The red cells of the dog are easily tagged by ad- 
ministering an intravenous dose of Fe®® as a buffered 
solution of FeCl,. The radioactivity in the red cells 
thus tagged is determined by first ashing a few ce of 
red cells and electroplating the iron out of solution 
following essentially the method described by Peacock 
et al. (2). The activity (in counts per minute) of the 
sample can then be measured with a conventional 
Geiger counter and the activity per ee of red cells eal- 
culated. In order to determine the total cireulating ac- 
tivity, red cell mass measurements were made by the 
T-1824 dye technique. 

The reutilization of iron was amply demonstrated 
in our laboratory when whole blood from a donor dog 
tagged with Fe°® was transfused to an untagged dog. 
The donor’s blood type did not mateh that of the re- 
cipient with the result that the recipient underwent 
a severe hemoclastic crisis following the transfusion. 
The destruction of the labeled cells and the subsequent 
reincorporation of the iron in newly formed cells is 
illustrated in Fig. 1 where the total cireulating activ- 
ity in the recipient is plotted against the day of the 
experiment. The days are counted from the day of 
the transfusion. The total activity measured in the 
recipient immediately after the transfusion is arbi- 

1This investigation was supported by a research grant 
from the Veterans Administration. The mass spectrometer 
used was made available to the University of Buffalo through 


a Grant-in-Aid from the American Cancer Society of the Com- 
mittee on Growth of the National Research Council. 


? We wish to thank Miss Sarah Camiolo for her competent 
handling of the chemistry associated with this research. 
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trarily taken as 100%. The ordinate has been cor- 
rected for the natural decay of Fe®® (half-life of 46.3 
days) and for the effect of sampling losses. It is evi- 
dent that 11 days after the transfusion nearly all the 
donor cells had been removed from circulation. Sub- 
sequently, however, approximately two-thirds of the 
iron in these cells was incorporated in new cells and 
restored to circulation. The work of Cruz et al. (3) 
further illustrates the reutilization of iron in the dog. 

This characteristic makes the use of iron unsuited 
as a tracer for following transfused red cells over an 
extended period of time since one cannot determine 
what part of the activity is due to radioiron reincor- 
porated in newly formed cells. The comparison of Fe*® 
and N?* in this regard was accomplished by double 
tagging of the erythrocytes of a healthy adult mon- 
grel dog with N** and Fe®®. A week after the tagging 
with the radioiron, 19 g of N*5-tagged glycine pre- 
pared after the method of Schoenheimer and Ratner 
(4) were given orally in small doses over a 2-day 
period. The animal was offered only water during this 
time to insure maximum absorption of the glycine. 
Twenty-six days after this feeding (sufficient time to 
allow incorporation of both elements into newly 
formed red cells) a hemoclastie crisis was artificially 
produced. Four doses of 0.3 g of acetylphenylhydra- 
zine were administered over a 4-day period by sub- 
cutaneous injection. Measurements of the red cell mass 
by the T-1824 dye method before and after the injec- 
tions showed that the red cell mass had been decreased 
approximately 64%. 

Periodic determinations of the red cell mass, Fe*® 
radioactivity, and N?® excess in the red cells were 
made. For this analysis 45 ce of whole blood were re- 
quired. The red cell mass determination required 20 
ce of blood, but the same aliquot could be used for the 
radioiron determination. The analysis of the remain- 
ing 25-ce aliquot for N'® was somewhat more difficult 
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since this is a stable isotope. Hemin crystals were first 
obtained from the whole blood. By means of a micro- 
Kjeldahl process the nitrogen was extracted from the 
hemin in the form of an ammonium salt which was 
then treated in an evacuated system with hypobromide 
so as to release the nitrogen in gaseous form. The gas 
was compressed into sample bottles suitable for intro- 
duction into a mass spectrometer by means of which 
the ratio of N*4N* to N'*4N'* was determined. The 
probability of forming a N*°N‘* molecule is propor- 
tional to 2n,,n,, where n,, and n,, are the numbers 
of heavy and light nitrogen atoms in the sample. Like- 
wise, the probability of forming a N**N** molecule is 
proportional to n,,”,,. The ratio of 
will be therefore 2n,,/n,,. It follows that the per- 
centage of N* in the sample is 


1007, 100 

| 

where r is the ratio measured on the mass spectro- 
meter. The percentage of N** excess is obtained by 
subtracting 0.368 (the percentage of N** occurring 
naturally in matter) from this number. These proce- 
dures are essentially those described by Rittenberg 
et al. (5). 
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The results of the experiments are shown in Fig. 2. 
The cireulating radioactivity as deduced from red cell 
mass determinations and radioactivity measurements 
was caleulated at intervals of several days and is 
shown by the upper curve in the figure. The amount 
of activity just before the injection of the acetyl- 
phenylhydrazine was arbitrarily chosen as 100%. As 
usual, allowance has been made for sampling loss and 
the natural decay of the iron. The amount of cireulat- 
ing iron decreases sharply with the destruction of the 
dog’s erythrocytes, but again there is remarkable re- 
utilization as the dog regenerates its red cell mass. 

In the case of the nitrogen it is the product of the 
percentage excess of N'° and the red cell mass which 
is of interest. This we refer to as the cireulating N* 
excess in Fig. 2 where it is plotted as a percentage 
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of the initial value. Evidently the destruction of the 
red cells results in a permanent loss of N*° sinee there 
is no measurable reutilization. 

It is clear that by using an isotope of nitrogen 
rather than of iron to follow the fate of transfused 
red cells, the problems resulting from reutilization ean 
be avoided. Moreover, since it is a stable element it is 
not subject to the restrictions of a long half-life radio- 
active tracer such as C'*—nor is it hampered by the 
uncertainties of the agglutination technique sometimes 
used to follow red cells which is a statistical method 
and depends upon the strength of the serums used. It 
must be noted, however, that extension of this tech- 
nique to tracing of transfused cells in human beings, 
although feasible, will be difficult because of the high 
excess of N’® required in the donor. Because of the 
inherent difficulties and uncertainties of other meth- 
ods of following transfused red cells and in view of 
the results of this experiment, it is believed that N™ 
ean become an important tool in the nation’s vital re- 
search program for improved blood preservation. 
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The Effect of Streptomycin on Oxygen 
Uptake and Viability of Resting 
Suspensions of Escherichia coli 


Thomas Fite Paine, Jr., and Louise Stone Clark 


Departments of Medicine at the Massachusetts 
General Hospital and Harvard Medical School, 
Boston, Massachusetts 


The inhibitory effect of streptomycin on the respira- 
tion of “resting” bacterial suspensions has been noted 
by several observers (1-4). Work in this laboratory 
has indicated that there is a discrepancy between the 
killing effect of streptomycin on bacterial cells and 
respiratory inhibition by this drug. The experiments 
reported in this preliminary note may be of interest 
from the standpoint of studying the effects of meta- 
bolic inhibitors on resting cell suspensions. 

Simultaneous experiments, using the same suspen- 
sion of EF. coli (841), were set up to compare the 
effects of streptomycin on oxygen uptake and viabil- 
ity. The results of such an experiment are presented 
in Fig. 1. 

1 The organisms were grown for 24 hr with aeration at 37° 


C in a synthetic medium prepared as follows: (NH,).SO, 2.5 
gz, KH,PO, 2.0 g, MgSO,-7H,O 0.05 g, glucose 10.0 g (auto- 
claved separately), tap water 200 ml, distilled water to 1000 
ml, pH adjusted so that after autoclaving pH was approxi- 
mately 7. After harvesting, the cells were washed twice with 
sterile distilled water, suspended in sterile distilled water, 
and refrigerated at 4° C for 24 hr before use. 
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Fic. 1. ETeet of streptomycin on respiration and viability 
of E. coli. The oxygen uptake studies are shown in the lower 
portion of the figure; conventional Warburg techniques were 
used. Fifty-milliliter Erlenmeyer flasks were used for the 
viability tests, shown in the upper part of the figure. The 
same suspension of cells was used in both instances and the 
ratios of cells to substrate and to streptomycin were kept the 
same, as follows: cells, 0.5 mg/ml (dry weight) containing 
approximately 2x 10° viable cells; substrates, 5 wmoles; 
streptomycin, (dihydrosulfate) 100 ug/ml; phosphate buffer 
pH 7, 0.0036 M. The experiments were conducted at 37° C, 
with agitation to insure adequate oxygenation. Aliquots were 
removed at intervals for pour plate counting in heart infu- 
sion agar (Difco) with 1% glucose. 

‘Streptomycin is noted to have no effect on endogen- 
ous respiration or on respiration in the presence of 
glucose, whereas there is a marked inhibition of oxy- 
gen uptake with fumarate and glutamate as substrates. 
Noticeable inhibitory effects become apparent after 
1 to 2 hr of ineubation. In the absence of streptomycin 
there is a lag period with glutamate and fumarate be- 
fore the maximum rate of oxygen uptake occurs, 
whereas there is no lag period in respiration with 
glucose as substrate. 

Killing of the cells by streptomycin is most rapid 
in the presence of glucose as substrate, with over 99% 
of the cells being killed in the first 15 min. Despite 
this facet, however, oxygen uptake with glucose as sub- 
strate continues in an unaffected fashion. The rates of 
killing are less rapid with glutamate and fumarate as 

i 

substrates and least rapid in. the absence of added sub- 
strate. The killed cells could not be revived by re- 
peated washing in an attempt to remove the strep- 
tomycin. Similar experiments using streptomycin-re- 
sistant and streptomycin-dependent variants of this 
strain of E. coli showed no killing or respiratory in- 
hibition by streptomycin. 

These results indieate that streptomycin can kill 
susceptible coliform cells in the resting state in the 
absence as well as in the presence of inhibitory effects 
on respiration. The inhibition of oxygen uptake by 
streptomycin seems to bear no particular relation to 
the killing effect of this drug but rather to the sub- 
strate being metabolized. In view of the lag phase 
demonstrated in Fig. 1 in the oxygen uptake curves 
with fumarate and glutamate as substrates, respira- 
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tory inhibition with these two substances by strepto- 
mycin may simply represent an interference with 
adaptive enzyme formation, as earlier suggested by 
other workers (5). 

It is not possible to say categorically that the cells 
have already been killed before plating beeause viabil- 
ity ean be determined with certainty only by subeul- 
ture. The streptomycin may merely be “fixed” in the 
bacterial cells during the period of exposure and 
“death” may occur following the initiation of metabo- 
lie activities concerned with growth when the cells are 
transferred to a suitable culture medium. Perhaps 
streptomycin renders the cells “sterile,” that is, they 
are not dead but cannot reproduce themselves. 

In any ease it is fair to say that the fixing of strep- 
tomycin to the susceptible site in the cell, with subse- 
quent death of the cell, occurs most rapidly in the 
presence of metabolizable substrates and least rapidly 
with endogenous metabolism. The rate of fixing of 
the drug to the cells appears to be directly related to 
the rate or degree of metabolism of the cells. 
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The Effects of Wind-Drift of Weed-Killer 
on Some Puerto Rican Trees 


E. Hernandez-Medina, L. F. Martorell, 
and G. N. Wolcott 


Agricultural Experiment Station, 
University of Puerto Rico, Rio Piedras 


For several years one of the junior writers has been 
noticing the toxie effects of 2-4-D and other weed- 
killers on susceptible species of cultivated plants such 
as Sea Island cotton, Gossypium barbadense, and pa- 
paya, Carica papaya. The damage to these plants is 
particularly noticeable when they grow near fields of 
sugareane in Puerto Rico, where weed-killers are used 
to control weeds. 

Last year at the Isabela Substation an entire pa- 
paya grove of about 600 plants was seriously affected 
by 2-4-D sprayed 2000 yd or more to the east. The fine 
spray of the weed-killer carried: by the trade winds 
from the northeast was powerful enough to affect all 
the papaya plants. 

Since January 1952, the writers have been making 
field observations and taking numerous photographs 
of the effects of weed-killers on our flora. Detailed ob- 
servations will be published elsewhere in the near 
future. However, it is of interest to note that two 
common species of trees in Puerto Rico serve as an 
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index to indicate the susceptibility of plants to weed- 
killers, particularly 2-4-D. 

On the south coast of Puerto Rico, the “Santa 
Maria” or “emajagiiilla,” Thespesia populnea, a mal- 
vaceous tree commonly grown along the roadsides, 
serves as an index of susceptibility in this area of 
Puerto Rico. The distorted leaves of this tree (Fig. 1) 
show symptoms of 2-4-D toxicity at all times of year, 
but most noticeably during the spring, when * prima- 
vera” cane as well as ratoon cane are being sprayed 
with weed-killers. Even more conspicuous is the injury 
to another common roadside tree which grows more 


Fic. 1. Foliage of Thespesia, showing effect of 2-4-D toxicity. 


Fic. 2. Terminal twig of “almendro,” Terminalia, showing 
effect of weed-killer. 
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Fic. 3. Dead and dying roadside trees of “almendro,” Ter- 
minalia catappa, on the Naguabo-Humacao road, Puerto Rico. 
(Photos courtesy of the Photographic Department, Agricul- 
tural Experiment Station, Rio Piedras, Puerto Rico.) 


generally in the northern part of the Island: the “al- 
mendro,” Terminalia catappa (Fig. 2). In the Nagua- 
bo-Humacao area many mature trees, 30 to 50 ft in 
height, have been observed that were killed by the 
effects of 2-4-D used in adjacent cane fields (Fig. 3). 
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Effect of Irradiation with Cobalt-60 
on Trichina Larvae 


H. J. Gomberg and S. E. Gould 


Michigan Memorial-Phoenix Project, U. §. Atomic 
Energy Commission Laboratory on Biological 

Effects of Irradiation, and Departments of Pathology, 
University of Michigan, Ann Arbor; 

Wayne County General Hospital, Eloise; and 

Wayne University College of Medicine, Detroit 


A previous study of the effect of 200 kv x-rays on 
trichina larvae (1) showed that a dose of 750,000 r 
kills trichina larvae in vitro, whereas a dose of ap- 
proximately 5000 r inhibits maturation of larvae to 
adult forms, and a dose of approximately 3500 r pro- 
duces sexual sterility of the adult forms that mature 
from irradiated larvae. The present study was under- 
taken to determine the radiation dose from a eobalt-60 
source that would produce the same effects. 

Alicata and Burr (2) found that exposure of trichi- 
nous meat to 12,000 r of cobalt irradiation produced 
sterility in 60-100% of the adult female worms re- 
covered from the intestinal tract of experimental rats 
6 days after the latter were fed the irradiated larvae. 

Trichinous rat musele and isolated trichina larvae 
obtained by the digestion of trichinous rat muscle 
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TABLE 1 


NUMBER AND AVERAGE PERCENTAGES OF FRMALE ADULT TRICHINAE HAVING EMBRYOS, 
AMONG DESIGNATED NUMBER OF FEMALE ADULTS EXAMINED, AS RECOVERED 
FROM GuT OF Rats 6 DAYS AFTER FEEDING ANIMALS 5000 
LARVAE EXPOSED To Co” RADIATION 


Radiation dose Number of gravid female adult trichinae among adult females examined 
applied to Source of 
larvae fed larvae fed Rat number in group 
to rats to rats Average % 
r 1 2 3 
0 50 of 50 50 of 50 50 of 50 100 
12,800 | Irradiated 0 of 50 1 of 50 1 
trichinous 
15,360 muscle 0 of 50 0 of 50 0 
0 50 of 50 50 of 50 50 of 50 100 
10,240 8 of 25 5 of 25 7 of 25 26.7 
Irradiated 1 of 50 0 of 50 0 of 50 
10,240 isolated { 0 of 50 1 of 50 6 of 50 2.7 
12,800 trichina 4 of 25 6 of 25 20 
15,360 larvae Oof 4 Oof 7 0 
Oof 1 Oof 1 Oof 3 
15,360 oof 4 0 


were placed in lusteroid tubes for irradiation, as in 
our previous study (1). The filled lusteroid tubes were 
then placed inside a cylindrical cobalt-60 irradiation 
unit for exposure at a rate of 1280 r/min (3). The 
radiation source at the University of Michigan has 
been described in detail elsewhere (4).? 

Measurements were made to determine the matura- 
tion-inhibiting dose and sexual-sterilizing dose for 
both isolated larvae and larvae in trichinous rat mus- 
cle. Measurements of the lethal dose were made only 
on the isolated larvae. 

In determining the maturation-inhibiting and steri- 
lizing levels of radiation, doses ranging from 5120 r to 
20,480 r were applied. Larvae, irradiated in muscle, 
were subsequently isolated by artificial digestion of 
the musele with 1% pepsin and 1% hydrochloric acid. 
The radiation effect was measured by reduction in the 
ability of the irradiated larvae to mature in 6 days 
in the intestinal tract, and by the absence of encysting 
trichina larvae in the muscle tissue of test rats 30 days 
after ingestion of trichina larvae. Each rat was tube- 
fed with 5000 larvae. For each radiation dose, whether 
applied to isolated trichinae or trichinous rat muscle, 
at least 6 test animals were used. Three of the 6 rats 
were sacrificed after 6 days and the contents of the 
small intestines examined for adult worms. The num- 
ber of adult worms was calculated (6). When adult 
worms were present, 50 female worms were examined 
for the presence within them of embryos. The other 
3 rats were sacrificed at the end of 30 days and ex- 
amined for larvae in the muscles. When larvae were 
found, the number present in the entire carcass was 
ealeulated (6). In all, 160 rats were used to obtain 
the data on sexual sterilization and maturation inhi- 
bition. 

1The kilocurie cobalt source at the University is located 
in the Waste Fission Products Laboratory, an activity de- 
voted to research on use of radioactive fission by-products 


and supported by the U. S. Atomic Energy Commission and 
the Michigan Memorial-Phoenix Project (5). 
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The lethal dose for isolated larvae was determined 
from motility measurements on larvae irradiated at 
269,000, 512,000, 768,000, and 1,024,000 r. At the end 
of each period of irradiation and at 2 hr and 24 hr 
following irradiation, 200 of the irradiated larvae 
were examined on a warm stage (43.3° C) for evi- 
dence ot motility; in each case the percentage of mo- 
tile forms was recorded. (Nonmotile [dead] larvae, 
when killed by irradiation, often appear tightly coiled 
under the microscope, so that the mere examination 
for coiled and uncoiled states does not determine via- 
bility. Death due to irradiation does not usually cause 
the larvae to uncurl as do heat and other killing meth- 
ods.) In addition to microseopie examination, 5000 ir- 
radiated larvae were fed to 6 test rats, as in the ex- 
periments to determine the sterilizing and maturation- 
inhibiting doses. 

The examination for embryos, within adult female 
worms recovered from the gut 6 days after irradia- 
tion (Table 1), shows that a small number of females 
may develep embryos after a dose of 12,800 r, but that 
no embryos develop after a dose of 15,000 r. The dose 
of radiation with Co® necessary to cause sterilization 
of trichina while they are still encysted in rat muscle 
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Fie. 1. Sterilization of isolated trichina larvae and of 
trichina larvae in rat carcass by Co gamma irradiation. 
A =isolated trichina larvae. x=larvae irradiated in rat 
carcass. 
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Fie, 2. Inhibition of maturation by Co® gamma irradiation 
of isolated trichina larvae and of trichina larvae in rat car- 
cass. A = isolated trichina larvae. x = larvae irradiated in rat 
carcass, 


is indicated in Fig. 1. With a dose of 12,800 r over 
99% of adult females were rendered sterile. Complete 
sterilization was reached by a radiation dose of 15,000 
r. To achieve complete sterilization of isolated larvae 
irradiated in vitro, about 12,800 r were required (Fig. 
1). These curves are based on the degree of infection 
found in muscle 30 days after feeding rats 5000 ir- 
radiated larvae. 

By irradiation, it was possible to prevent larvae 
from maturing, even though the larvae showed normal 
motility in the warm-stage test. The amount of irradi- 
ation required to do this was somewhat higher than 
that for sterilization. When trichinous muscle was 
irradiated, 18,000 r reduced maturation to less than 
1%. The variation in inhibition with dosage is shown 
in Fig. 2. The complete maturation-inhibiting dose 
for trichina larvae in vitro was 18,000 r (Fig. 2). 

Radiation dosages required to kill were measured 
only on isolated larvae. Complete kill, as determined 
by the motility test, required 750,000 r. When the 
larvae were examined 2 hr after completion of irradi- 
tion, the killing dose had dropped to 700,000 r, and 
when examined 20 hr after irradiation the killing dose 
was 400,000 r. From previous results, there is good 
reason to believe that the killing dose for irradiation 
of trichinous muscle would be substantially higher 
than the 700,000 r observed for irradiation in vitro. 

Work is continuing on the irradiation of pork as 
a possible method of controlling trichinosis. Undesir- 
able flavor changes occur in many foods when pre- 
serving doses of radiation (about 2,000,000 r) (5) 
are applied. However, one-hundredth of that dose is 
more than adequate to prevent maturation of encysted 
trichinae. Preliminary tests of pork irradiated with 
doses up to 38,400 r have shown negligible flavor 
change (7). A detailed report on this work will be 
published soon. 

References 


1, GouLp, S. E., Van Dyke, J. G., and GomBerc, H. J. Am. 
J. Path., 29, 323 (1953). 

2. AticaTa, J. E., and Burr, G. 0. Science, 109, 595 (1949). 

3. U. S. Atomic Energy Commission, Contract AT(11-1)-62. 
Chicago Progress Report No. 3. 

4. MANow1Tz, B. Nucleonice, 9, (2), 10 (1951). 


July 17, 195° 


5. U. S. Atomic Energy Commission, Contract AT (11-1)-62. 
Chicago Progress Reports 1, 2, 3. 

6. GouLp, 8. EB. Trichinosis. Springfield: Thomas (1945). 

7. BRowne.u, L. E. (Director, Waste Fission Products Labo- 
ratory, University of Michigan.) Quoted in private com- 
munication to authors. 


Manuscript received December 26, 1952. 


Some Applications and Limitations 
of Tetrazolium Chloride 


Johnson Parker* 


Department of Biological Sciences, 
University of Idabo, Moscow 


The use of 2,3,5-triphenyltetrazolium chloride 
(TTC) and its various derivatives in seed testing, in 
viability determinations, and in various other branches 
of research has become widely known. The reaction 
involving reduction of TTC seems to be essentially the 
same as that with methylene blue. However, TTC be- 
comes colored when reduced, instead of colorless, and 
the oxidation reaction which reverses the color change 
reaction in methylene blue does not seem to oceur or 
only occurs slowly under certain cireumstances in 
TTC. 

Characteristics of the stain. Young, rapidly grow- 
ing tissues of such plants as corn and onion will show 
the red color in about 20 min when soaked in a 1% 
TTC solution. The carmine red color, which may alter 
to a cherry color in 24 hr, will also appear in solutions 
without the presence of living cells, e.g., when TTC is 
heated together with a reducing sugar to 60° C or sub- 
jected to strong light. With higher pH the light reae- 
tion will oceur at lower light intensities for a given 
length of time. A higher pH also results in a more 
rapid reduction of TTC in living cells of a uniform 
kind (Table 1). 

TTC-stained cells which appear red macroscopically 
may not show any red color under the microscope with 
an incandescent or daylight iight source. It may, how- 
ever, bring out the contour of mitochondria more 
clearly in such cells as those of corn coleoptiles. Other 
derivatives of TTC sometimes produce more striking 
effects. 

The change in appearance of mitochondria was first 
demonstrated by H. Ziegler when the writer worked 
with him in B. Huber’s laboratories in Munich. We 
have tried to reproduce his results in this country and 
also have observed the smaller mitochondria in corn 
coleoptile cells to be red after soaking for 2 hr in a 
1% TTC solution. The color is variable depending on 
the depth of foeus so that there may be some doubt 
as to whether the bodies are refracting light from in 
back of them or are giving off a color peculiar to the 
bodies themselves. 

Chloroplasts may also become red in such cells as 

1 Aided by the School of Forestry, Duke University, Dur- 
ham, N. C. We are indebted to P. J. Kramer for the use of 


his laboratory and to K. V. Thimann and C. 8. Yokum for 
helpful suggestions. 
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TABLE 1 


OF APPEARANCE OF CoLor IN CorN Root Tips AFTER 
IMMERSION IN 1% 2,3,5-TRIPHENYLTETRAZOLIUM 
CHLORIDE (TTC) SoLUTIONS oF VARIOUS PH 
(Temperature about 80° F) 


pH 
Min 
3.0 5.4 7.8 8.4 
5 0 0 Pink Red 
15 0 Pink Red Red 
25 Pink Pink Red Red 


those of Chlorella and in most higher plant cells erys- 
tals of formazan later appear. As pointed out by 
Ziegler, the larger mitochondria of corn root tips, 
sometimes called statoliths, may also become reddish. 
If they do reduce TTC then they may serve as more 
than just starch synthesizing particles. It is not im- 
possible to suppose that the electrical orientation of 
the tissue is dependent on their position and that this 
might affect the migration of auxin in roots or coleop- 
tyles or in other tissues adjacent to statenchyma tissue 
and thus the bending of that tissue. It is known that 
cytoplasmic grouping to one end or another of a cell 
does effect the direction of the electric current (1) 
from certain kinds of tissue. 

Effect on Growth. TTC may be applied in weak 
enough solutions and in short enough periods of time 
so that a stain will appear but the cells continue in a 
living state. Corn seed were allowed to germinate until 
the roots were about 5 em long and then immersed in 
an 0.05% TTC solution for 5 min, removed, and 
washed in distilled water. The intact root together 
with the seed was then placed in a Petri dish on agar 
and observed for growth. In about 1 hr the color ap- 
peared and persisted for several days. It then slowly 
disappeared. Growth was somewhat reduced by this 
treatment in comparison to untreated controls. The 
stained roots responded to gravity by bending down- 
ward when the dishes were set on their sides. 


TABLE 2 


EFFECT ON 2,3,5-TRIPHENYLTETRAZOLIUM CHLORIDE 
(FTC) Test AND ON NORMAL APPEARANCE OF 
Pinus strobus NEEDLES AFTER COOLING 
To Various TEMPERATURES (°C) 


In TTC Treatment -7° - 10° -13° 
5 min TTC test 100% 40% 2% 
after positive 

thawing Untreated All 50% All 

leaves green light light 
green green 
2hr TTC test 100% 5% 2% 
after positive 
thawing Untreated All 70% All 
leaves green light light 
green green 


* Pereentage of needles showing positive test 24 hr after 
placing in TTC. Determinations made in July. 


is 


The same general procedure may be used with em- 
bryos of conifer seeds, such as those of Pinus palus- 
tris which are large enough to be easily handled. Ex- 
cised embryos of this species were washed for 3 min 
in a 0.5% Chlorox solution, then washed in distilled 
water, and placed with a sterile wire on sterile glu- 
eose-agar in Petri dishes. In eases where fungi and 
bacteria were kept out, embryos continued growth 
when soaked in TTC solution for 1 min and yet later 
turned pink in color. In about 3 days the color faded, 
the cotyledons turned green, and the entire embryo 
increased considerably in size. 

Viability determinations. One of the best methods 
of determining the viability of conifer leaves after 
various drying and freezing treatments is with TTC. 
In needles that have been dried down over a 20-day 
period to about 40% of their moisture content based 
on dry weight, the TTC test showed a slow decline in 
intensity, also-a decline in the total number of leaves 
showing a positive test. The rate of CO, evolution de- 
termined with the University of Munich infrared gas 
analyzer showed a decline at a slower rate than the 
TTC test, and with more rapid drying showed a slight 
rise before dropping to zero (2). 


TABLE 3 


TIME OF APPEARANCE OF COLOR IN EXCISED EMBRYOS OF 
Pinus strobus IN 1% 2,3,5-TRIPHENYLTETRAZOLIUM 
CHLORIDE (TTC) SoLuTIONS or VArious PH 
(Temperature 80° N) 


Time 
Seed since pH 
treat- immer- 
ment sion ° 
in TTC 3.3 4.2 7.3 8 2 
1% hr 0 0 0 0 
Der 1‘ 0 0 0 0 
red red red 
= TTC 40% 50% 50% 50% 
test* 
Seed % hr 0 Pink Pink Pink 


soaked 4.4 Pink Pink Pink Pink 

in H,O 20 <é Red Red Red Red 
for 11 TTC 100% 100% 80% 75% 
days test* 


* Percentage of 10 excised embryos showing a complete 
pink or red color in 20 hr. Variations of TTC % tests with 
pH are not statistically significant. 


In determining the viability of frozen needles, the 
TTC test is less accurate. It is best to allow the mate- 
rial to stand for about 2 hr at room temperature be- 
fore testing. The rate of CO, evolution may, like the 
TTC test, be about normal just after thawing of 
frozen damaged tissue, but it then declines to about 
one-half the normal rate in a half hour and in an hour 
nearly to zero. These rates were determined with the 
Duke University infrared gas analyzer. The TTC test 
showed the same general pattern of decline after 
thawing, but the TTC determinations took place over 
a 24-hr period so that results are more difficult to 
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assess. However, differences did appear depending on 
the length of time before immersing in the TTC solu- 
tion after thawing (Table 2). The more badly dam- 
aged tissue (-13° C) ean be seen to show a nearly 
negative test sooner than the less damaged tissue 
(-10°). 

In seed testing TTC has been widely and success- 
fully used. Evaluating the intensity and extent of 
staining so as to predict the germinability of a sam- 
pled lot of seed is the main difficulty. Sometimes the 
test seems to overrate the germinability percentage in 
certain conifer seed which have a period of dormancy 
that must be overcome for relatively rapid germina- 
tion. This discrepancy may be partly the fault of the 
germination tests which are carried out with samples 
from the same lot of seed (3). We obtained the best 
predictions by making the TTC test on a sample of 
seed as they arrived from the seed house before strati- 
fication, and comparing these with percentages of ger- 
minating seed after stratification in moist cloth at 
40° F for 2 months. Evidently there is not only a 
decrease in time of reacitvity of the seed to TTC dur- 
ing stratification, but there is an increase in the total 
percentage of seed showing a positive TTC test 
(Table 3). 
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The Influence of a Plasma Factor on 
in vitro Leucocyte Migration* 


Melvin M. Ketchel and Cutting B. Favour? 


Medical Clinics, Peter Bent Brigham Hospital, 
Department of Medicine, Harvard Medical School, and 
The Biological Laboratories, Harvard University, 
Boston, Massachusetts 


While the intrinsie mobility of leucocytes is a well- 
known phenomenon, the influence of the plasma on 
this mobility has not yet been made clear. Using an 
in vitro method we have been able to show that the 
rate of migration of leucocytes is strongly influenced 
by a factor in the plasma. 

In this technique, heparinized venous blood is first 
divided into cells and plasma. The cells are then 
washed three times by a sequence of suspension and 
centrifugation in Hanks’ solution (1), and finally re- 
suspended in autologous or homologous plasma. This 
suspension is then drawn into thin-walled capillary 
tubes of the type commonly used for melting point 

1 Work done under grants from the United States Public 
Health Service, the Nell Lucas Forsythe Fund of the Harvard 


Medical School, and the Fund for Research in Bacteriology, 
Peter Bent Brigham Hospital. 


2 The authors wish to express their appreciation to Carroll 
M. Williams and Louis K. Diamond for their advice and 
criticism during the preparation of this paper. 
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REGION OF MIGRATION 


BUFFY COAT 


ERYTHROCYTES 


Fic. 1. Diagrammatic representation of the 
method of measuring leucocyte migration. 


capillary tube 


determinations. Each tube is sealed and then centri- 
fuged to subdivide the system into three components; 
namely, a basal layer of packed red cells, an inter- 
mediate buffy coat of leucocytes, and an uppermost 
layer of plasma (Fig. 1). The initial concentration of 
heparin is adjusted so that the plasma clots after cen- 
trifugation, thus providing a matrix into which the 
leucocytes can migrate. Tubes are incubated in an up- 
right position for 16 hr at 37° C, and the distance 
which the leucocytes have migrated into the plasma is 
then measured with an ocular micrometer. This meas- 
urement is therefore an indication of the distance 
which the fastest-moving leucocytes have traveled 
from the buffy coat. For each combination of cells 
and plasma, ten tubes were measured. and an average 
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Fig. 2. Rate of leucocyte migration in two subjects with 
different migration distances. The difference in migration 
distance is the result of a difference in the rate of migration 
during the early hours of the experiment. 
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value taken. The migrations are not free movements 
into a liquid phase. If a clot is present, the cells move 
along the fibrin micellae. But if no clot is present, 
the cells will migrate along the walls of the capil- 
laries, and the results are very similar. 

For the experiments, it was most convenient to 
make a single measurement after 16 hr. However, as 
shown in Fig. 2, rate studies indieate that when the 
migration distance between two subjects varies, this 
is a result of the difference in the rate of migration 
during the early hours of the experiment. 

The normal subjects used for these experiments 
were laboratory personnel. At the time of the ex- 
periment each subject was asymptomatic. It was dis- 
covered that symptoms from slight infections were 
accompanied by a marked effect on the leucocyte 
migration, 


TABLE 1 


AVERAGE MIGRATION DISTANCE OF LEUCOCYTES 
FROM NORMAL SUBJECTS 


Stand- 
d 
Sub Blood No. Mean 
ject Sex type expt (mm) yoy 
(mm) 
KE F A, Rh + 5 0.47 0.05 
JH F A, Rh + 6 0.56 0.04 
MK M A, Rh+ 18 0.71 0.10 
JL M A, Rh+ 13 2.16 0.38 
EAS F O, Rh + 5 2.47 0.61 
CBF M O, Rh + 5 2.64 0.26 


Table 1 records the data on experiments designed 
to evaluate the technique. The cells of normal persons 
were here suspended in the individual’s own plasma. 
Though the cell migration of a given individual was 
relatively constant on different days, it is clear that 
a great deal of variation exists between individuals. 


TABLE 2 


AVERAGE MIGRATION DISTANCE OF LEUCOCYTES IN 
AUTOLOGOUS AND Homo.Locous PLASMA 


MK eells JL eells 
(mm) (mm) 
MEK 0.54 0.78 
JL 1.63 1.93 


Table 2 summarizes the results of six experiments 
designed to ascertain the importance of cells and 
plasma in the migration of the leucocytes. Two normal 
males having widely different average migrations were 
chosen. Both had type A, Rh positive blood. The mi- 
gration of the cells of each individual was measured 
both in his own plasma and in the plasma of the other 
individual. MK cells in MK plasma migrated an aver- 
age distance of 0.54 mm, and JL cells in JL plasma 
migrated an average distance of 1.93 mm. However, 
when MK eells were tested in JL plasma, their migra- 
tion increased to 1.63 mm, and when JL eells were 
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tested in MK plasma, their migration decreased to 
0.78 mm. While there is still a difference in the migra- 
tory ability of the cells of the two subjects, it is evi- 
dent that the plasma dictates to a large degree the 
rate of cell migration. 

Similar experiments were repeated on types A, O, 
and B individuals. The results were consistent with 
the findings on the two initial subjects. In another 
series of experiments, the blood groups were mixed. 
Under such circumstances, if migration was not pre- 
vented by agglutination of the erythrocytes during the 
preparation of eapillary tubes, the results were also 
consistent with those shown in Table 2. 

The substance or substances contained in the plasma 
which condition the migration of leucocytes are heat- 
labile and nondialyzable. At present we are attempt- 
ing to characterize the substances further by fraction- 
ation of the plasma proteins according to the small 
volume cold aleohol technique (2). Preliminary data 
indicate that when Fraction 3 of a slow plasma is 
added to a fast plasma, the migration of leucocytes 
in that plasma is markedly suppressed. And, when 
Fraction 2 of a fast plasma is added to a slow plasma, 
the migration of leucocytes in that plasma is increased. 
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Hepatic Tumors Due to Prolonged 
Ethionine Feeding* 


Hans Popper, J. de la Huerga, 

and Charlotte Yesinick 
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Department of Pathology of Cook County Hospital, 


and Northwestern University Medical School, 
Chicago, Illinois 


Ethionine (#-amino-y-ethylthiobutyrie acid) is an 
analogue of methionine and one of its biologie an- 
tagonists (1, 2). It produces, within a few days, fatty 
metamorphosis of the liver in female but not in male 
rats (3, 4). The lesion was considered the result of 
interference with amino acid or protein metabolism 
(5). Feeding synthetic diets containing 0.5% ethio- 
nine to male and female rats for 4 weeks produces a 
reduction of the fat content and severe liver cell dam- 
age (preceded by diffuse fatty metamorphosis and 
central necrosis). The liver shows diffuse infiltration 
by inflammatory cells as well as intralobular fibrosis 
and bile duct proliferation (6). Large liver cells with 
huge, sometimes multiple, nuclei and very large eosino- 
philic nucleoli are noted as well as irregularity in 
the appearance of the bile ducts (7). These pictures, 
interpreted as irregular regeneration, raised the ques- 
tion whether tumor formation may eventually result 


1 Supported by a grant from the Jerome D. Solomon Me- 
morial Research Foundation. 
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Photomicrographs of rat liver. Upper left, 0.2% ethinoine diet for 104 days. Subcapsular nodule consisting of proliferated? 
bile ducts with dilated lumen containing mucinous material. The irregularly demarcated nodule connects with a portal triad 
(50 x). Lower left, 0.5% ethionine diet for 51 days. Circumscribed heightening of bile duct epithelium with piling up of the 
cells and hyperchromasia of their cytoplasm and nuclei. Between the cells and in the lumen segmented leukocytes are found 
(112 x). Upper right, 0.5% ethionine diet for 51 days. Fairly sharply demarcated nodule consisting of liver cells varying in 
character from the surrounding tissue in which the liver cells are irregularly arranged and dense inflammatory infiltration 
is noted (40 x). Lower right, 0.5% ethionine diet for 51 days. Small nodule consisting of large liver cells forming several 
cell thick plates and revealing large nuclei and nucleoli and loose eosinophil cytoplasm (250 x). 


from this diet. Therefore, the attempt was made to 
keep rats (females) on these diets for longer periods. 

The survival time varies markedly in different 
groups of rats on the 0.5% ethionine diet although 
most die within 5 weeks. Some groups, however, lived 
more than 50 days. Other groups of rats which be- 
eame sick after 4 weeks were placed on a stock diet 
for 10 days, to be returned subsequently to the 0.5% 
ethionine diet. Finally, rats were kept for prolonged 
periods on diets containing 0.2% ethionine. All ethio- 
nine diets consisted of 16% casein, 75% sucrose, 5% 
corn oil with the addition of essential salts and vita- 
mins; the riboflavin content was relatively low, being 
0.42 mg/100 g. The diets had an approximate methio- 
nine content of 0.4%. Control rats on the synthetic 
diet without ethionine showed no changes. 

Nodules consisting of either liver cells (hepatomas) 
or bile duets (cholangiofibrosis or cholangiomas) were 
seen in 8 of 12 rats on the 0.5% ethionine diet for 51 
days, in 1 rat on the 0.5% ethionine diet for 77 days, 
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in 2 of 4 rats on the 0.2% ethionine diet from 87 to 
104 days, and in 2 of 6 rats which had been kept on 
alternating 0.5% ethionine and stock diets between 60 
and 67 days. Such lesions were not found in rats which 
had been on 0.2 or 0.5% ethionine diets for shorter 
periods. 

The cholangiofibrotic or cholangiomatous nodules 
were usually multiple. They were up to 14% mm in 
diameter and connected with portal triads (Fig. 1A). 
Some were subcapsular. Their epithelial cells were 
high cuboidal, densely arranged, and sometimes piled 
up. The basal nuclei were dark. The intensely baso- 
philic cytoplasm occasionally contained vacuoles giv- 
ing PAS (periodic acid-Schiff) reaction. The ductal 
lumen was dilated, occasionally cystic, and filled with 
a dense material also giving PAS reaction indicating 
a mucinous character. Segmented leukocytes were 
often found between the cells and in the ductal Jumen. 
The basement membranes were thickened and dense 
collagenous and reticulum fibers surrounded the ducts 
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within the nodules. The demareation of these nodules 
from the surrounding liver tissue was not sharp. Early 
changes appeared near the portal triads. They were 
alterations of the proliferating smallest bile ducts, 
characterized by heightening of the bile duct epi- 
thelium with hyperchromasia, piling up of the cells, 
and PAS reaction (not given otherwise by prolifer- 
ating bile ducts) (Fig. 1B). This change occasionally 
involved only one segment of the wall of the bile duct. 

The hepatomas, also usually multiple, consisted of 
nodules up to 2 mm in diameter which, on the greatest 
part of their cireumference, were sharply demarcated 
from the surrounding liver tissue (Fig. 1C). The 
nuclei of the cells were, as a rule, large, vesicular, 
and showed huge nucleoli. The abundant cytoplasm 
was loose and eosinophilic. The cells were arranged in 
several cell thick plates with few capillaries and 
Kupffer cells between them (Fig. 1D). The nodules 
contrasted sharply to the liver tissue outside in which 
the inflammatory and fibrotic changes were marked 
and the liver cells had a denser cytoplasm and an 
irregular arrangement. The early stages of these 
nodules were small groups of liver cells (5 to 8 in a 
section) which represented focal multiplication of the 
liver cells so that the plates became several cells thick. 
The liver cells in these small groups resembled each 
other but varied from the surrounding tissue. 

Hepatomatous and cholangiomatous nodules were 
found within the same liver. The panereas of the ani- 
mals showed severe fibrosis, atrophy of the acini, and 
vacuolization of the islet cells. These lesions repre- 
sented a further advance of lesions previously de- 
seribed (6, 8, 9). 

It appears, thus, that feeding diets containing an 
amino acid antagonist produces, in relatively short 
time and rather consistently, small multiple hepatic 
tumors composed of either liver cells or bile ducts 
varying in character from those in the surrounding 
tissue. The precursor stages of the nodule formation 
can be prevented or corrected by methionine adminis- 
tration. Although abnormal growth and anaplasia are 
seen histologically, it cannot be determined that the 
tumors represent malrgnant growths. No agreement is 
found in the literature as to whether the lesion called 
cholangiofibrosis or cholangioma represents neoplasia 
at all; this is reflected in the variety of names chosen 
for this lesion which is characteristically produced by 
careinogenic dyes. It also cannot be ascertained 
whether the tumor formation is caused by ethionine 
directly or results from the excessive regeneration due 
to persisting injury to liver cells and bile ducts asso- 
ciated with diffuse fibrosis. 
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Compact Flowmeters for Use in the Unan- 
esthetized Animal, an Electronic Version 
of Chauveau’s Hemodrometer? 


Allen M. Scher, Thomas H. Weigert, 
and Allen C. Young 


Department of Physiology and Biophysics, 
University of Washington School of Medicine, Seattle 


Certain characteristics are desirable in a flowmeter 
for use in animal experimentation. These include (1) 
high sensitivity, (2) low resistance, (3) a regular and 
reproducible calibration, preferably linear, and (4) 
ease of use. Attempts to achieve these have extended 
over more than a century. Probably the first suecess- 
ful instrument was Chauveau’s hemodrometer (7). The 
essential feature was hit upon while watching needles 
thrust into arteries. His first device consisted of a 
straight cannula with a rubber membrane as part of 
the wall. A lever extended from the center of the 
stream through this membrane, and movements of the 
lever were read against a calibrated seale. On a later 


Fie. 1. Chauveau’s hemodrometer as diagrammed by Lu- 
ciani (3). The figure on the left shows the entire instrument, 
the cross section on the right is of the inverted, lower portion 
of the instrument. S, a sphygmoscope used to record the blood 
pressure ; TT, a tube used to cannulate; L, a lever suspended 
by a rubber membrane at m. The lower end of the lever within 
the stream carries a paddlelike obstruction, while the outer 
end moves a tambour connected by tubing to a recording 
tambour. 


1 Aided by grants from the State of Washington Research 
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modification (2), the hemodromograph (Fig. 1), the 
lever was connected to a recording tambour. With this 
it was first noted that blood was squeezed backward 
in the coronary arteries by ventricular contraction. 
The two cannula flowmeters to be described here prove 
to be in principle electronic versions of Chauveau’s 
instrument of nearly a hundred years ago. 

The first type of flowmeter consists of a T-shaped 
stainless steel tube. The stem or side branch of the T 
makes a friction fit with the body of an RCA 5734 
vacuum tube (mechanoelectronic transducer) and the 
cross piece is used to cannulate and earries the flow 
to be measured (Fig. 2). An obstruction to flow lies 
in this crosspiece and is fastened only to the moving 
anode of the vacuum tube. Pressures exerted on the 
obstruction by the stream will cause movement of the 
sensing element and alter the output of the vacuum 
tube. A power supply, plate resistor, and meter or 
oscillograph are the only additional equipment nee- 
essary. 


Fic. 2. A flowmeter employing the RCA 5734 tube. On the 
right the tube with a streamlined obstruction, in the center 
a flat paddle, and on the left an assembled flowmeter in stain 
less steel T-cannula. Diameter of the tube at its widest point 
is 0.375 in. 


Two types of obstructidn to flow have been used. One 
consists of a paddle of stainless steel which is placed 
across the stream to give “form” drag. The second 
is a streamlined rod or tube of plastie which offers 
“skin” or viscous drag. The paddle flowmeters may 
be made extremely sensitive by increasing the paddle 
eross section, but the calibration is that of a “V?” 
device, that is, the deflection of the paddle is pro- 
portional to the square of the velocity. This character- 
istie results in severe distortion of wave forms and 
requires replotting of records where pulsatile flow 
is recorded. Viscous drag flowmeters are less sensi- 
tive, but their calibration approaches linearity (deflec- 
tion = kv?-?), and they offer less resistance to flow. 
The 5734 tube has ample sensitivity for use in a vis- 
cous drag flowmeter. 

The mechanoelectronic transducers have been found 
to vary somewhat in characteristies. At very low flows 
they will change output due to cooling. For this reason 
plastic cannulas were considered less useful. It is pos- 
sible that in animal use plastic wi!l be more satisfae- 
tory than metal. In calibration the whole assembly 
was immersed in fluid, which minimized cooling ef- 
fects. The vagaries of the vacuum tube are more evi- 
dent with less sensitive flowmeters. Typical ealibra- 
tion curves are shown (Fig. 3). 

A second group of flowmeters has been constructed 
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Fic. 3. Calibration curves for two flowmeters employing 
the 5734 tube with flat and streamlined obstrictions. 


in which the obstruction was of ferromagnetic mate- 
rial, and a plastic cannula wall incorporated windings 
whose inductance was altered by the movement of the 
obstruction. Seme of these had both primary and 
secondary windings so that the whole constituted a 
differential transformer. With this design, the ob- 
struction may consist of a flexible paddle, or a spring- 
suspended disk or cylinder. The windings may take 
several different shapes and the illustration presented 
(Fig. 4) is schematic for many that may be con- 
structed. In these flowmeters, sensitivity is determined 
by the number of turns of wire, the magnetic perme- 
ability and movement of the element and its distance 
from the windings. A ferromagnetic frame for the 
windings will inerease the sensitivity by inereasing 
the amount of flux passing through the obstruction. 
Despite the use of all possible measures to achieve 
sensitivity, these flowmeters have never been sensitive 
enough to employ a streamlined obstruction with flow 
velocities such as are found in the dog’s abdominal 
aorta. Although characterized by lower sensitivity 
than flowmeters using the 5734 tube, differential trans- 


Fic. 4. Schematic diagram of a flowmeter in which a mov- 
ing ferromagnetic obstruction alters the inductance of wind- 
ings around a tube. 
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Fic. 5. Records of flow in the abdominal aorta in two dogs 
after recovery from anesthesia. The upper record is from an 
older animal which on autopsy was found to have arteriolar 
disease. This animal delivers his entire stroke volume in 
about one-fifth the time required for a cardiac cycle. 


former flowmeters have greater stability and are not 
affected by cooling at low flows. Since they are incor- 
porated in a straight tube, they may be easier to in- 
sert in certain vessels. 

Differential transformer flowmeters require a stable 
source of alternating current for the primary. The 
output of the secondary is amplified and reetified by 
conventional techniques. Where only two windings 
are employed, these may be connected as adjacent 
legs of an inductance bridge. 

The flowmeters illustrated have been constructed 
for the larger arterial vessels of the dog, but com- 
ponents may be varied in size for other vessels. They 
have been successfully employed in the abdominal 
aorta of the dog under anesthesia and in two animals 
have been placed in the abdominal aorta and have 
functioned for three and five days, respectively, after 
operation (Fig. 5). 
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Ribonucleic Acid and Protein in the Growing 
Oocytes of Triturus pyrrhogaster 


Syozo Osawa and Yujiro Hayashi’ 


Biological Institute, Science Faculty, 
Nagoya University, Nagoya, Japan 


The growing oocytes of Amphibia present a very 
convenient material for the study of cell growth, and 
their yolk formation has been frequently studied in 
eonnection with ribonucleic acid (1-5). However, be- 


1The authors wish to thank Tuneo Yamada under whose 
guidance these experiments were performed. Further, they 
express their appreciation to Barry Commoner, Eugene Rob- 
erts, and Florence Moog for critical reading of the manu- 
script. The investigation was aided by the Science Research 
Expenditure of the Department of Education. 
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fore we can discuss the chemical mechanism of yolk 
formation it seems necessary to accumulate exact data 
by different approaches. In the present paper the first 
sets of our experiments along this line will be re- 
ported, in which quantitative estimation of RNA and 
protein was performed on growing oocytes of Tri- 
turus pyrrhogaster, and the data obtained were com- 
pared with the histochemical picture of the same sub- 
ject. Throughout the experiments rapidly growing 
winter oocytes before maturation were used. 

Histochemical. As the fixative absolute aleohol, 
Zenker’s fluid or 10% formalin was used. Sections 
were stained with methyl green-pyronin or toluidin 
blue. In the control series sections treated with ribo- 
niclease or hot trichloroacetic acid were stained. The 
alcohol-fixed material gave the most beautiful staining 
with these dyes. 

In young oocytes smaller than 0.05 mm‘, the cyto- 
plasm was homogeneously and deeply stained, whereas 
the nuclear sap showed a granular staining. Many 
small nueleoli,? showing intensive basophilia, were at- 
tached to the internal surface of the nuclear membrane. 
In oocytes of about 0.7 mm® the germinal vesicle 
showed hardly any staining except in the nucleoli. 
The strongly basophilic nucleoli, which were some- 
what larger in size and contained one or more refrac- 
tory vacuoles, were found adjacent to the nuclear 
membrane, A relatively intense staining of the cyto- 
plasm was observed around the germinal vesicle. In 
oocytes of about 2 mm* a very faint cytoplasmic 
staining was found on the external surface of the 
germinal vesicle. Most of the nucleoli appeared less 
basophilic, showing the above mentioned vacuoles and 
an irregular contour. In oocytes of 3 mm* the cyto- 
plasm was fully laden with yolk granules, and they 
had almost completely lost their basophilia. The 
faintly stained nucleoli were found in the center of 
the germinal vesicle, whereas none were found in the 
periphery. This condition of both cytoplasm and ger- 
minal vesicle was observed also in later stages of the 
growth period. With respect to the behavior of the 
nucleoli, all fixatives gave approximately the same re- 
sults. Our results are in good accord with the observa- 
tions of Duryee (7) on the living oocytes of the same 
species. 

The following facts made it probable that the baso- 
philia of above-mentioned structures was due to RNA: 
(a) the stainability with pyronin and toluidin blue 
was completely lost by treating sections with erystal- 
line ribonuclease prepared after the method of Me- 
Donald (8) or by extracting them with 5% trichloro- 
acetic acid at 90° C for 15 min; (b) they were always 
Feulgen-negative. We have been careful not to accept 
such histochemical evidence as absolutely conclusive. 

The results obtained on the prepared sections were 
essentially in agreement with those of Brachet (1-4) 
and Wittek (5). As repeatedly emphasized by Brachet, 

2Some doubt has been expressed about identifying these 
structures as nucleoli (6). Without going into a discussion 


of this point, we provisionally adopt here the usual termi- 
nology. 
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these pictures give us an impression that the cyto- 
plasmic RNA of the growing oocyte was rapidly de- 
creasing during oogenesis. Similar results were also 
reported for oogenesis of other forms (9-12), and 
have been discussed in relation to the yolk-protein 
synthesis (5). However, the volume of the oocyte at 
the last growth stage under our examination was 
about 100 times as large as that of the initial stage. 
Therefore the decrease in concentration, judged by 
the stainability, does not necessarily mean a decrease 
in the absolute amount of RNA of an oocyte during 
the growth period. 

Biochemical. The ovaries were removed from one 
to three females and immediately fixed with ice-chilled 
absolute alcohol. The oocytes were torn off from the 
ovarian epithelium, divided according to their diam- 
eter into groups of 15 to 60, and homogenized in ice- 
chilled absolute aleohol according to the directions of 
Ogur and Rosen (13).° Fractionation and photometric 
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Fic. 1. RNA-P/oocyte, RNA-P/volume, and protein-N /oocyte 
compared with diagrams of basophilia during the growth of 
oocyte of Triturus pyrrhogaster. Bach plotted value of RNA-P 
is the mean of 7 to 14 separate determinations. The value 
for protein-N is bcsed on two to four separate determinations. 
Standard error is indicated for each value of RNA-P/oocyte 
and protein-N/oocyte curves. 


estimation of RNA were made according to Schneider 
(14), and the amount of RNA thus obtained was ex- 
pressed in terms of ug RNA-P/mm! and of ug RNA- 
P/oocyte. Data are shown in Fig. 1, which is accom- 
panied by histochemical pictures of each stage ex- 
amined. As we have no exact knowledge about the 
temporal sequence of stages of growth of oocytes, ob- 
tained values were plotted against the size of oocytes. 
As will be seen from Fig. 1 the amount of RNA/cell 
progressively increased with its growth in the early 
phase of the period studied. However, beyond a cer- 
tain point, the value remained almost constant in spite 

* Chilled alcohol was chosen because of the convenience for 
tearing the oocytes from the ovarian tissue. The curve ob- 
tained from several experiments in which fresh oocytes were 
fixed and homogenized in cold 10% TCA showed no essential 
difference from that of alcohol-treated material. The method 
of differential estimation of RNA and DNA of Ogur and 


Rosen (13) was not suited to our material owing to incom- 
plete separation of the two substances. 


July 17, 1953 


of increase in volume. On the other hand the concen- 
tration curve (RNA/mm*) fell sharply during the 
earlier phase and then declined gradually. 

The general trend of the basophilia found in the 
sections of the growing oocytes seems to reflect the 
concentration curve of RNA-P. But closer comparison 
of this curve with the histochemical pictures suggests 
that it is very dangerous to predict any quantitative 
relation from the histochemical pictures alone. On the 
other hand, the diagram shows that the phase of in- 
crease in absolute amount of RNA coincides with the 
stages in which the strongly stainable nucleoli are 
applied to the internal surface of the nuclear mem- 
brane, whereas no increase in the absolute amount of 
RNA occurs in the later stages where the less stain- 
able nucleoli are found only in the central part of the 
nucleus. 

Brachet (2) reported that the young oocyte has a 
higher RNA content compared with the grown oocyte, 
calculating its value in terms of concentration per 
unit weight. On the other hand Villee and Duryee 
(15) found 2.05 times as much RNA-P in the larger 
oocyte as in the smaller one.‘ Our results also show 
that despite the apparent decrease of its concentra- 
tion due to the increase in the volume of the cell, the 
absolute amount of RNA per oocyte does increase in 
the earlier phase of the growth period and does not 
decrease throughout the entire period. 

The above estimations were carried out on the 
oocytes with the follicular epithelium. Although our 
histochemical study showed no detectable amount of 
RNA in the follicular epithelium, it seemed necessary 
to know whether the presence of the latter does not 
interfere with the estimation of the amount of RNA 
in the oocyte. To check this point the follicular epithe- 
lium was operatively removed in 1 M NaCl containing 
0.01 M citrate, and the naked oocyte thus obtained 
was compared for RNA content with oocyte with the 
intact follicular epithelium. No appreciable difference 
was found between the two series. 

Further, the estimation of RNA in the operatively 
separated nucleus and cytoplasm of the grown oocyte 
was carried out in a preliminary series and more than 
98% of total RNA-P was recovered in the cytoplasmic 
fraction. This again seems to show that despite its 
apparent lack of basophilia, the cytoplasm of the 
grown oocyte does contain an appreciable amount of 
RNA. 

Quantitative measurement of total protein-N was 
undertaken by the method of Levy and Palmer (17) 
on the “Schneider residue.” As shown in Fig. 1, the 
eurve of total protein-N/oocyte rises approximately 
linearly with the increase of cell volume. If we com- 
pare the curve of protein-N with that of RNA-P no 
simple correlation seems to exist. RNA increase per 
cell stops before the maximum amount of protein is 
accumulated. Logarithmic treatment of the data indi- 
cates that the rate of increase of RNA per cell is 


*In his recent publication, which was received after the 
completion of this paper, Steinert (16) pointed out that RNA 
in the oocyte of Rana fusca increases during ite growth. 
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lower than that of protein accumulation throughout 
the growth period and that it has a tendency to reduce 
its value in the later phase of this period. 
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Filter Paper Electrophoresis of 
Avian Serum Proteins* 


R. H. Common, W. P. McKinley, 
and W. A. Maw? 


Department of Agricultural Chemistry, 
Macdonald College, McGill University, Quebec, Canada 


The serum proteins of the fowl have been studied 
by the classical Tiselius’ method (1, 2), but not, so 
far as we are aware, by the method of filter paper 
electrophoresis described by Durrum (3) and by 
Cremer and Tiselius (4). The present communication 
deseribes preliminary results of studies of fowl sera 
by filter paper electrophoresis, including studies on 
the highly lipemic sera of laying and estrogenized 
birds. Kunkel and Slater (5) have pointed out that 
filter paper electrophoresis may have special advan- 
tages tor studying lipoprotein components of serum. 

The technique was essentially that of Durrum (3), 
as modified by Flynn and De Mayo (6). Strips of 
Whatman 3 MM paper 214x16 in. were used. The 
Veronal buffer (pH 8.6, ionic strength 0.05) was al- 
lowed to rise from both ends of the paper by eapil- 
larity until a narrow transverse zone near the anodic 
end remained unwetted. From 0.1 to 0.2 ml of serum 
was applied by micropipet to the paper along this 
zone. The advancing fronts of the buffer were then 
allowed to come together along the line of application 

1The project of which this work forms a part is supported 
by a Grant-in-Aid of Research to the senior author from the 
National Research Council of Canada. 

2We wish to thank J. H. Quastel and S. F. Van Straten of 
the Montreal General Hospital Special Research Institute for 
helpful advice, and W. F. Oliver, Department of Physics, 
Macdonald College for help with the tracer studies and con- 


struction of apparatus. The hormones were generously do- 
nated by Messrs. Schering, Ltd., Montreal. 
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of the serum and before the serum could dry on the 
paper. This avoided undue diffusion of the proteins, 
a difficulty which may be accentuated when relatively 
large amounts of serum (e.g., 0.1-0.2 mi) are applied 
directly to fully wetted paper strips. 

The potential was maintained at 100 v, giving a 
total current of 8.5 ma when there were 5 strips in the 
chamber. This current would appear to be smaller 
than that used by most other workers. A low current 
reduces trouble from heating and from flow of the 
buffer. Some (7, 8) have described movement of the 
y globulin fraction of serum in the opposite direction 
to the other fractions relative to the place of applica- 
tion. This apparently anomalous movement, due to 
electroendosomis, is probably accentuated by high eur- 
rents; it has frequently been absent in this laboratory 
when using low currents. Control of evaporation and 


IMMATURE PULLE T 


ALBUMIN 
J 
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Fic. 1. Quantitative data for paper electrophoresis of avian 
sera. Vertical axis is optical density. Papers cut in 5-mm 
transverse strips. A. Immature cockerel, untreated. B. Imma- 
ture pullet, untreated. C. Turkey hen, nonlaying. D. Normal 
human. 


temperature by keeping the papers immersed in a 
bath of nonaqueous solvent (4) was considered inad- 
visable for studies involving lipoproteins, especially 
those of the sera of laying or estrogenized fowl. Elec- 
trophoresis was usually continued for 24 hr or ocea- 
sionally longer. Under these conditions the fastest 
moving major component (the albumin) moved 15- 
16.5 em from the zone of application. The drying, 
staining, and quantitative determination of the dye- 
stuff were performed as described by Flynn and De 
Mayo (6) using bromophenol blue as stain.’ Lipids 
were located by exposing the papers to the vapor 
from a solution of 1% osmie acid in 1% chromie acid. 
Substances positive to the Liebermann-Burchard re- 
action were located by immersing papers for a few 
moments in a reagent made of 10 parts chloroform, 
10 parts acetic anhydride, and 1 part concentrated 
sulfuric acid, and then laying the papers on a glass 

% Added in proof. In our experience, the staining of protein 


with this dye, and with naphthalene black, was confined to 
the superficial layers of the paper. 
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plate. (This technique was somewhat rudimentary, but 
demonstrated the practicability of using the Lieber- 
mann-Burchard reaction for direct examination of the 
papers.) 

Typical results for turkey, fowl, and human sera 
are shown in Fig. 1. The data show that the sera of 
the sexually inactive female fowl and turkey yielded 
at least 5 distinct protein fractions. The disposition 
and relative intensity of these 5 fractions bore a close 
similarity to those recorded for human serum (9) and 
for other vertebrate sera (7). Accordingly, we have 
designated these fractions in order of decreasing mo- 
bility as albumin, a, globulin, «, globulin, 6 globulin, 
and y globulin by analogy with human serum frae- 
tions. 

The following points of similarity and contrast be- 
tween human and fowl sera are noteworthy (Fig. 1): 
(a) The fast-moving albumin fraction had the deepest 
stain in turkey, fowl, and human sera. (b) The a, 
globulin fraction gave the faintest stain in all three 
species. The band is particularly weak with sera from 
the sexually inactive fowl and may be difficult to dis- 
tinguish if staining is not sufficiently prolonged. The 
relative mobility of the a, fraction appeared to be 
more variable than that of the other globulin frac- 
tions. (c) The y globulin fraction was next to the 
albumin fraction in intensity of staining in all three 
species, but moved relatively faster in the avian sera 
than in human serum. The 6 globulin fraction stained 
almost as deeply as the y globulin fraction, and moved 
relatively slower in the avian sera than in human 
serum. (d) The a, globulin fraction stained more 


TABLE 1 


MOBILITIES OF VARIOUS PROTEIN FRACTIONS OF HUMAN 
AND AVIAN SERA RELATIVE TO MOBILITIES 
oF ALBUMIN FRACTIONS* 


Pullets, Turkey 


Cock- sexually hens, Human 
erels imma- inaec- (9) 
ture tive 
Albumin 1.00 1.00 1.00 1.00 1.00 


a globulin 0.86 0.73 0.76 0.87 0.83 
a: globulin 0.60 0.59 0.65 0.70 0.66 
6 globulin 0.36 0.36 0.46 0.47 0.55 
y globulin 0.30 0.27 0.31 0.17 0.22 


* Running time, 40 to 41 hr; Veronal buffer, pH 8.6, ionic 
strength 0.05. 


TABLE 2 


MOBILITIES OF ALBUMIN FRACTIONS OF AVIAN SERA 
RELATIVE TO MOBILITY OF HUMAN 
SeruM ALBUMIN 


Source of albumin Relative mobility 
Human - 1.00 
Goose 1.00 
Cockerel, mature 0.96 
Pullet, sexually immature 0.98 
Hen, laying 0.98 
Turkey, inactive male 0.94 
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Fic. 2. Comparison of human and immature pallet sera, 
A. Human: albumin, 8 globulin and y globulin clearly visible : 
a, globulin is very faint on photegraph. B. Immature pullet 
albumin clearly visible, 8 and globulin so close together that 
separation is not apparent on photograph; a, globulin very 
faint on photograph. ~ 


deeply than the a, fraction in all three species, but 
considerably less deeply than the 6 globulin. 6 Globu- 
lin appeared to move more slowly relative to the albu- 
min in the avian sera than in human serum. 

These observations on relative mobilities are sum- 
marized in Table 1. 

Several wide papers were run in order to compare 
the mobilities of the avian serum albumins and human 
serum albumin, The average results are presented in 
Table 2. 

These observations on mobilities suggest that: (a) 
Sera of male or sexually inactive fowl and turkeys 
yield 5 protein fractions which may be considered 
analogous to those of human serum. (>) The albumin 
fractions of human, turkey, and fowl sera move at 
similar speeds. Fowl serum albumin is probably a 
little slower than human albumin, but the difference 
is slight. (c) The difference in mobility between 6 and 
y globulins is greater in human serum than in male 
or sexually immature fowl sera (Fig. 2). (d) The 
a, globulin of fowl serum is slower relative to the 
albumin than in human serum (Fig. 2). 

Osmie acid staining demonstrated that some lipid 
accompanies the albumin in all sera studied, but we 
have not detected lipid in association with the globu- 
lins with any certainty in immature pullets or cock- 
erels. Durrum et al. (9) have recorded the presence 
of lipid along with the albumin‘ of human serum, and 
also ina region extending from the middie of the a, 
globulin band to the middle of the 6 globulin band in 
lipemie human serum. 
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Experiments on estrogenized pullets (Fig. 3) have 
shown normal albumin bands. The a, globulin could 
be detected, but not consistently and appears to be 
overlapped by the a, globulin in more heavily estrog- 
enized pullets. The a, globulin could usually be dis- 
tinguished satisfactorily. Bands could be discerned in 
the expected positions of 6 and y globulin, but were 
obseured by the presence of a new heavily staining 
fraction extending from just behind the patent or ex- 
pected position of a, globulin back to the expected 
6 region (Fig. 3). This new band tended to show “tail- 


A B 


Fic. 3. A. Nermal immature pullet. B. Immature pullet, 
androgenized. C. Immature pullet, estrogenized. Albumin, a, 
globulin, 8 globulin, and y globulin visible in A and B. Note 
appearance of new protein zone in C, where the new fraction 
obscures the 8 globulin: this zone displayed tailing and 
stained deeply with osmic acid. The a, globulin is not visible. 


ing,” and this was more severe the more heavily the 
bird had been estrogenized. Kunkle and Slater (5) 
have associated tailing with the presence of neutral 
fat. The new region also stained rather deeply with 
osmie acid and gave a positive Liebermann-Burchard 
reaction. This lipid-staining region included a narrow 
zone visible as a yellowish band on the unstained 
paper and exhibited a blue fluorescence in screened 
UV light. Kunkle and Slater (5) have described a 
somewhat similar orange band in lipemic human sera. 

The new zone associated with lipid was probably 
in large part due to serum “lipovitellin” and we have 
designated it as “presumptive lipovitellin” (PLY). 
Attempts to resolve this PLV band by electrephoresis 
were based on the use of buffer made up with 20% 
methanol instead of water. Using this buffer, sera 
from ecockerels or normal immature pullets gave a 
pattern similar to the normal pattern using the aque- 
ous buffer, but the papers with sera from estrogenized 
immature pullets showed a distinct new band near 
the starting line (Fig. 4). This band gave practically 
no stain with osmie acid, although lipid was still 
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A B 


Fic. 4. Electrophoresis using Veronal buffer pH 8.6 made 
up with 20% methanol. A. Immature pullet, untreated. B 
Immature pullet, estrogenized. Note that there is a fraction 
in about the same position as the presumptive phosphovitellin 
in Fig. 1B, but that the methanolic buffer has resulted in 
appearance of a further new slow-moving fraction. The band 
in the PLV position was associated with heavy lipid staining 
whereas the new slow-moving band was not. An a, band in 
paper B was present, but does not show on the photograph 


present in the PLV position. Studies using injections 
of phosphate tagged with P*? revealed a high count 
in the new slow-moving band obtained by use of the 
methanolie buffer. This high count was not altered ap- 
preciably by extraction with Bloor’s mixture, whereas 
a somewhat lower count in the lipid-staining region 
was almost entirely removed by extraction with Bloor’s 
mixture. It is possible that this new fraction obtained 
by the use of methanolic buffer represents a phospho- 
protein component separated from phospholipid. 
From the standpoint of technique, it is noteworthy 
that the intense staining of certain bands on the 
papers obtained from sera of estrogenized birds may 
have been due in part to staining of lipid, or to im- 
portant modifications of the staining properties of the 
protein due to the presence of lipid. Papers were run 
in duplicate with normal immature pullet serum and 
with serum from estrogenized immature pullets. One 
paper of each pair was extracted with Bloor’s mix- 
ture before staining. The bands on the paper from 
normal serum appeared to stain with much the same 
relative intensities whether extracted or not. The un- 
extracted paper from the estrogenized pullet stained 
deeply in the fashion typical of such sera, but relative 
intensities of the bands appeared to have been altered 
on the papers extracted before staining. It would 
appear that the interpretation of colorimetric data 
on dye extracted from stained papers in terms of pro- 
tein may eall for caution when lipemic avian sera are 
being studied, and further studies on this point are in 


progress. 
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A more nearly complete account of our experiments 
will be published elsewhere. 
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Book Reviews 


Plant Anatomy. Katherine Esau. New York: Wiley; 
London: Chapman & Hall, 1953. 735 pp. Illus. + 
plates. $9.00. 

Those who have followed Dr. Esau’s research 
papers and scholarly reviews during the past two 
decades and have enjoyed her magnificent Koda- 
chrome photomicrographs at scientifie meetings have 
eagerly awaited the appearance of Plant Anatomy. 
This volume should find its way into every up-to-date 
botanical library, as it will undoubtedly serve for 
many years as the standard reference on the structure 
of seed plants. 

Although the arrangement of the subject matter 
follows a conventional sequence—cells, tissues, organs 
(stems, leaf, root, and reproductive structures )—with 
topical organization patterned after that of Dr. A. S. 
Foster in his Practical Plant Anatomy, the material 
has been meticulously reworked from a refreshingly 
dynamie viewpoint in line with the author’s research 
interest in developmental anatomy. Special mention 
might be made of the sections on the chemistry and 
structure of the cell wall, on the meristems, and en 
the longitudinal course of differentiation in stems, and 
the final chapters on the flower, fruit, and seed. Here 
and elsewhere, the results of recent research have been 
critically reviewed. 

Outstanding features of the book are (1) the econ- 
cisely written introductory statements at the begin- 
ning of each chapter in which concepts are outlined 
and terms defined, (2) the extensive, carefully se- 
leeted, up-to-the-minute bibliographies on each topic 
treated, and (3) the superb illustrations. It is some- 
what unfortunate that the cost of book manufacture 
has necessitated grouping all the halftones in plates 
immediately following the text. This does not seri- 
ously impair the usefulness of the volume, hewever, 
but it does bring together in a concentrated dose of 
90 pages the finest series of photomicrographs of 
plant structure yet assembled. The majority of these 
are the author’s original photographs of her own 
preparations or of shHdes obtained from others. The 
text figures are also of the highest quality, most of 
them having been drawn by the author from original 
material or from published photomicrographs. 

To botanists confronted with the problem of select- 
ing a textbook for use in an introductory course in 
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the structure of higher plants, this book poses a diffi 
cult problem. On the one hand, the excellence of its 
coverage and approach points up the serious short- 
comings of available texts in the field; on the other, 
the advanced and comprehensive nature of the book 
will probably make it difficult reading even for the 
graduate student. We badly need a moderately priced, 
illustrated text suitable for the undergraduate, that 
presents the structure of vascular plants from a dy- 
namic point of view with emphasis on the develop- 
mental and physiological aspects of the subject. This 
reviewer hopes that Dr. Esau can be persuaded to 
turn her masterly hand to such an assignment. 
H. Goopwin 
Department of Botany, Connecticut College 


Clinical Allergy. French K. Hansel. St. Louis, Mo. : 

Mosby, 1953. 1005 pp. Illus. $17.50. 

This volume upon a complex and rapidly expand- 
ing subject has been prepared for the student and the 
general practitioner, as well as for the interested lay- 
man. It embraces the various phases of chinical allergy 
which involve the respiratory, cutaneous, intestinal, 
neural, and vascular systems. There are presented not 
only the ideas of the author but also, without bias, 
those of many other writers and investigators. Con- 
sequently, the lists of references which are placed at 
the close of the chapters are unusually complete and 
comprehensive. 

The first four chapters are devoted to the terminol- 
ogy and basic considerations of allergic conditions; 
the next seven to discussions of the multitude of etio- 
logie factors of consequence in allergic diseases. One 
chapter contains much detailed information on the 
hay fever-producing poHens as found in the different 
seasons and in the various parts of the United States. 
This information would have been more immediately 
accessible to the reader had it been included in tabular 
form as well, assembled according to seasonal oceur- 
rence and sectional distribution. 

Adequate space is devoted to various specifie and 
nonspecifie diagnostic and treatment procedures as 
applied to the several clinical forms of allergy. Less 
than two pages, however, are devoted to the prepara- 
tion of the allergenic extracts of such vital impor- 
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tance in diagnosis and treatment. The various drugs 
of value in allergie conditions are considered, inelud- 
ing the newer agents, the antihistaminie drugs and 
the steroid hormones. Allergic conditions in children 
are separately treated in five chapters and allergic 
manifestations of the nose, throat, paranasal sinuses, 
and ear have been presented in an equal number of 
chapters. 

In Clinical Allergy Hansel has presented the result 
of many hours of study and of effort. Although in a 
subject such as allergy there are many ideas, con- 
cepts, and procedures not yet uniformly acceptable 
to those practicing in this field, the author has ac- 
cumulated much valuable information in this volume. 


W. C. Spain 
116 E. 53rd Street, New York 


Zoogeography of the Sea. Sven Ekman; trans. from 
Swedish by Elizabeth Palmer. London: Sidgwick 
and Jackson, 1953. (Distributed by Maemillan, New 
York.) 417 pp. Illus. $6.50. 


Ekman has here extensively revised his Tiergeogra- 
phie des Meeres (1935) and has published it as one 
of the series of Textbooks of Animal Biology under 
the editorship of H. Munro Fox. 

Although the book appears to be intended primarily 
as a reference work for specialists in oceanography 
and zoogeography, the genera! zoologist can hardly 
fail to find examples and illustrations that will enrich 
his thoughts and his lectures. Four general types of 
fauna are dealt with successively and in considerable 
detail: (1) Shelf fauna (bottom animals living in 
depths of less than about 200 meters); (2) the deep- 
sea benthic fauna; (3) plankton and other pelagic 
life of the upper waters; (4) the bathypelagic fauna. 
Some 60 per cent of the book is devoted to the first 
of these groups, and rightly so, since their diversity 
and their mode of life make them particularly inter- 
esting and profitable for zoogeographie study. 

Within: this broad framework, the subject is sub- 
divided ‘according to geographical regions and tem- 
perature zones. Two chapters are devoted to geolog- 
ical and paleontological information, and a eareful 
attempt is made throughout to discuss present-day 
populations with due regard for their historical back- 
ground. In the details of regional comparison, Ekman 
has performed a monumental task in searching the 
literature and assembling the essential facts about the 
populations of the various regions. He has drawn 
upon a list of about 600 references, many of them 
voluminous expedition reports that even specialists 
seldom find time to read in their entirety. The infor- 
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mation he has gathered represents both synthesis and 
compilation. A wealth of tabular material is presented 
on species occurrence, ecological characterizaitons of 
each region, and other pertinent facts. Graphic and 
textual descriptions attempt throughout to emphasize 
small segments of the population that are particularly 
useful for the exposition of zoogeographie principles. 

The amount of factual material that is presented 
does not make for light nor vastly entertaining read- 
ing. It is solid and descriptive throughout. Greater 
attention to modern zoogeographical theory and to 
ecological discussions would have made the book more 
readable although prehaps less enduring. It is char- 
acteristic of Ekman that he is able to dismiss the 
fascinating subject of the origin, history, and general 
ecology of coral reefs in a mere six pages. Whether 
this is a criticism or a commendation may be debated 
among those who have studied the literature. 

The concept of temperature zonation is a dominant 
theme, but nowhere in the book does one find a well- 
rounded discussion of the physiological background 
of the subject. More attention to our rapidly growing 
information on temperature tolerances and to the 
effects of temperature on respiration, feeding, and 
reproduetion would have illuminated his discussion. 

In short, Ekman has chosen to leave out much that 
is provocative but sometimes misleading. He has not 
given us any bright new theories, but his excellent 
descriptive account of marine zoogeography, requir- 
ing years of thoughtful and painstaking work, is an 
invaluable addition to our literature. 

Gorpon A. Ritey 
The Bingham Oceanographic Laboratory 
Yale University 


The Permeabil’ty of Natural Membranes. Reissue. 
Hugh Davison and J. F. Danielli. New York: Cam- 
bridge Univ. Press, 1952. 365 pp. Illus. $6.00. 

It is a distinct pleasure to find this volume, which 
has been out of print for almost ten years, again 
available. The authors remark in their new preface 
that it has not seemed worthwhile to bring out an 
entirely revised book at this time, and they have 
merely added bibliographic citations of current lit- 
erature at the end of each chapter while no changes 
have been: made in the text of the chapters. Such a 
change is of little help in interpreting to students the 
very considerable advances that have been made in 
permeability studies with, for example, the use of 
radioisotopes, and it is to be hoped that a completely 
revised work will appear shortly. 

L. J. Mourns 

Department of Biophysics, Purdue University 
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International Refrigerat 


The New International Model PR-I Portable Refriger- 
ated Centrifuge embodies the many time-proven fea- 
tures found in previous models and, in addition, in- 
corporates important engineering improvements. The 
result is superior performance in the laboratory with- 
out increase in cost. 


ed Centrifuge 


A new type of temperature controller enables the user 
to pre-select the operating temperature within the Cen- 
trifuge chamber. Temperature is controlled within =1 C. 
and indicated on a calibrated dial. 


An autotranstormer speed controller is provided with alter- 
nating current models, eliminating heating associated with 
the rheostat type of controller, and providing uniform, 
stepless speed control throughout the entire range. 


A new hinged panel provides easy access to all instru- 
ments and electric controls, thus facilitating maintenance. 


A hermetically sealed unit is substituted for the open 
type compressor heretofore used. This eliminates trouble- 
some vibration caused by the action of the compressor 
and minimizes the possibility of gas leakage. 


Interchangeable accessories are available in wider variety, 
enhancing the usefulness of the Centrifuge. 


Send today for new descriptive Bulletin RC-1952 containing complete details and current prices. 


INTERNATIONAL EQUIPMENT COMPANY 


1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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PURIFIED, CRYSTALLINE 


HEMIN 


For Hematological Standard, Substrate for 
Oxidizing Enzymes and Starting Material 
for Synthesis. 


TETRAZOLIUM 


SALTS 


For Cancer Research and many other 
special staining techniques, GBI offers the 
following useful compounds: 
Neotetrazolium Chloride 
Neotetrazolium Phosphate-2B 
2,3,5-Triphenyl Tetrazolium Chloride 
Blue Tetrazolium 


Also following dyes: 


Anthrone 
Phenolphthalein mono-beta 
Glucuronide 


For a review of Tetrazolium Salt uses see 
SMITH, F. E., SCIENCE, 113, 751 (1951) 


h 


A READY REFERENCE peice wat | 
That will Save Time for You 


Use this catalog as a “one stop” source 
of Amino Acids, Vitamins, Carbohydrates, 
Adenylates, Nucleates, Purines, Pyrimi- 
dines, Tetrazolium Salts, Enzymes, Micro- 
biological and Bacteriological Media, 
Complete Animal Test Diets and 


RESEARCH 


WRITE FOR 
Ingredients for investigational use. TODAY 


GENERAL BIOCHEMICALS, INC. 


60 LABORATORY PARK * CHAGRIN FALLS, OHIO 
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Meetings & Conferences 


| July 20-23. American Veterinary Medical Association. 
Toronto. 
July 20-25. International Congress on Medical Librarian- 
| ship. London. 
| July 22-24. American Farm Research Association, 1953 
| Conference. lowa State College, Ames, Iowa. 

| July 24-25. Physiological Society Meeting. Cambridge, 

| England. 

| July 25-28. International Committee of Electrochemical 
Thermodynamics und Kinetics (5th Annual). Stock- 

holm, Sweden. 

| July 26-30. International Psyehoanalytical Congress 

| (28th). London. 

| uly 26-31. International Congress of Gynaecology and 

| Obstetrics. Geneva. 

| July 26-31. International Congress on Rheology (2nd). 
Oxford University, England. 

July 27—-Aug. 1. International Congress of Psychology. 

| Paris. 

| July 27—Aug. 1. International Association of Psychotech- 
nology, 11th Congress. Paris, France. 

July 29-30. International Symposium on the Chemistry 
of Natural Products. Wayne University, Detroit, Mich. 
July 29-Aug. 4. International Congress of Pure and Ap- 
plied Chemistry and International Union of Pure and 

Applied Chemistry. Stockholm. 

July 29—Aug. 5. International Conference on Parapsycho- 
logical Studies. Utrecht, Holland. 

| July 30-Aug. 1. Wyoming Geological Association. Uni- 
versity of Wyoming, Field Conference. Laramie. 

Aug. 1-7. International Astronomical Congress. Zurich, 
Switzerland. 

Aug. 3. International Union of the History of Science, 
Third General Assembly, and International Congress 
of the History of Science, Seventh. Jerusalem. 

\ug. 3-5. Abnormal and Pathological Plant Growth. 
Brookhaven National Laboratory, Upton, L. I., N. Y. 

| Aug. 3-8. World Meteorological Organization, Regional 
Assoe. for North and Central America, First Session. 
Toronto, Canada. 

Aug. 4-8. Photographie Society of America. Los Angeles, 
Calif. 

| Aug. 5. Symposium on Macromolecules. Uppsala, Sweden. 

Aug. 5-12. International Congress of Zoology. Copenhagen. 

| Aug. 7-8. Pennsylvania Academy of Science (Summer). 
Thiel College, Greenville, Pa, 

| Aug. 9. International Veterinary Congress (15th). Stock- 

holm. 

\ug. 10-14. Society of American Bacteriologists (An- 

nual). San Francisco. 

Aug. 10-18. American Association of Colleges of Phar- 
macy (Annual). Salt Lake City, Utah. 
Aug. 11-14. Canadian Teachers Federation, Alpine Inn, 

Ste. Marguerite, Quebec, Canada. 

| Aug. 12-18. International Congress on Home Economics 
(8th). Edinburgh, Scotland. 

| Aug. 15-30. Summer Seminar Workshop in General Se- 
mantics (10th). Institute of General Semantics, Lake- 
ville, Conn. 

| Aug. 16-22. American Pharmaceutical Association. Salt 
Lake City. 

| Aug. 16-22. American College of Apothecaries. Hotel 

Utah, Salt Lake City, Utah. 

| Aug. 16-22. American Society of Hospital Pharmacists. 

| Salt Lake City. Utah. 
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INTRODUCTION TO ELECTRON MICROSCOPY 


By Ceci. E. Hari, Massachusetts Institute of Technology. International Series in Pure and Ap- 
plied Physics. 443 pages, $9.00. 


Compact and up to date, this text on the theory and uses of the electron microscope includes an 
outline of elementary electron optical theory, discussions of the construction and properties of elec- 
tron lenses and electron microscopes, the interactions of electrons with matter, and the characteris- 
tics of electron images. 


FUNDAMENTALS OF ELECTRONIC MOTION 


By Wiis W. Harman, Stanford University. McGraw-Hill Electrical and Electronic Engineer- 
ing Series. In press 


A theoretical, mathematical treatment of electron-tube analysis, this text is written primarily for 
the user rather than the designer of electron tubes. It teaches the basic laws governing the motion 
of electrons and the means by which the collective effect of these motions appears as a tube coefficient 
such as input admittance or mutual conductance. 


A LABORATORY MANUAL OF EXPERIMENTS IN PHYSICS. New 6th Edition 
By Leonarp R. INcErRso.i, University of Wisconsin, Mites J. Martin, General Electric Re- 
search Laboratory, and THropore A. Rouse, University of Wisconsin. Ready for fall classes 
Thoroughly revised, this excellent, flexible manual for introductory college physics courses has been 
modernized and greatly improved. It contains much more material in the 77 experiments provided 
than can be used in one course, allowing the instructor to select a specific list to fit any requirements 
based on student interest, equipment available, and level of difficulty. 


PHYSICS: Principles and Applications. New 2nd Edition 
By Henry Marcenau and W. W. Watson, Yale University; and C. G. Monrcomery. Ready 
for fall classes 
This careful revision of a very successful text brings the book completely up-to-date in all respects 
and adds many new and improved problems. Important changes are seen particularly in chapters 


on electricity and magnetism which now offer much greater clarity and teachability with a simpli- 
fied treatment. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42no STREET, NEW YORK 36. N. Y. 
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PERSONNEL PLACEMENT 


YOUR ad here reaches over 32,000 scientists in the 
leading educational! institutions, industrial laboratories, 
~ research foundations in 77 countries—at a very 
ow cost. 


CLASSIFIED: |18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 
DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—provided that satisfactory credit is established. 
Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 
13 times in 1 ye 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 
For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


OPEN 


Physics—Several vacancies at various levels in instructional staff, 
These positions should interest young Ph.D, seeking opportunity for 
advancement. Holders of M.S. also considered for some positions. 
Salaries appropriate to qualifications and experience. Opportunity 
for part-time research available to qualified appointees. Interested 
persons please contact H. E. Harrington, Head, Physics Depart- 
ment, Oklahoma A. and M. College, Stillwater, Oklahoma. 7/10; 17 


—The MARKET PLACE— 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


(1) Bacteriologist: Ph.D., 1 year assistant, 2 years’ fellow, uni- 
versity research department, seeks industry or academic teaching, 
any locality, age 27, veteran. (2) Parasitologist: Ph.D., minors 
Bacteritology—biochemistry, parasitology research, any location, 
veteran. (3) Bacteriologist: Sc.D., 5 years’ research associate— 
bacteriology, leading pharmaceutical company, interested research— 
development, management, bacteriology, or biochemistry, any 
locality, age 31, veteran. (4) Histologist: B.S. biology, M.S. 
Histology, desires teaching position, any locality, age 28, veteran. 
For further information please write, Science Division, Woodward 
Medical Bureau, 185 North Wabash, Chicago. < 


Microbiologist; Ph.D.; five years’ teaching experience (General 
Biology; Biochemistry); eight years’ research experience (Marine 
Microbiology; Bacterial Physiology; Histochemistry). Consider 
any suitable offer. William E. Hutton, 1209 Glen Ave., Berkeley, 
California. x 


Parasitologist-Biochemist, Ph.D. Three years’ teaching experience, 


electrophoresis, blood fractionation. Available September. Box 136, 
SCIENCE, xX 


(a) Ph.D.; Anatomy; available for teaching position in gross 
anatomy or neuro-anatomy ; six years, assistant professor, anatomy, 
university medical school. (b) Bacteriologist; Ph.D. ; twelve years’ 
teaching experience, four years, chief and head of biology depart- 
ment, large university; past several years, associate professor of 
bacteriology. For further information, please write Science Di- 
vision, Medical Bureau, (Burneice Larson, Director) Palmolive 
Building, Chicago. 4 


Psychologist, recent Ph.D.; qualified experimental and physiologi- 
cal psychology, research in psychosomatics. Please write Scientific 


Personnel Service, 122 South Michigan Ave., Chicago. 


Why 
POSITIONS OPEN 
(1) Bacteriologist: B.S. or equivalent, scientific research, some 
serology; $7000 plus 10% bonus, two year contract; Japan. (2) 
Bacteriologist: M.S. or Ph.D., clinical pathological laboratory, 
350-bed hospital affiliated with medical school, maintains medical 
technology school, teaching program, educational city; $7000. 
(3) Biochemist: Ph.D., supervise chemistry laboratory, excellent 
hospital affiliated medical school, faculty status; $6000 up. (4) 
Biochemist or Physiologist, Ph.D., experienced Fluid and Electro- 
type Metabolism with Isotope experience hospital affiliated with 
medical college. For further information please write Science Di- 
vision, Woodward Medical Bureau, 185 North Wabash, Chicago. X 


Medical School appointments: Assistant Professor of Physiological 
Chemistry, Midwest; Instructor, Department of Pharmacology, 
East. Please write Scientific Personnel Service, 122 South Michi- 
gan Ave., Chicago. 


Pharmacologist, recent Ph.D., experience desirable; research in 
large @rug manufacturing company in East. Salary open. Box 137, 
SCIENCE. 7/24 


(a) Young physician experienced research ; toxicological laboratory, 
leading industrial company; key appointment; East. (b) Director 
of applied research involving detergents; physician or biochemist, 
Ph.D.; Midwest. (c) Physiologist; rank dependent qualifications; 
one of leading universities. (d) Associate professor of chemistry; 
principal field, physical chemistry; teaching proficiency, interest 
and skill in research required, opportunity headship. (e) Biochemist 
to supervise department, technologists, teaching of students, de- 
velopment of methods, 300-bed hospital; East. S7-3 Science Divi- 
sion, Medical Bureau, (Burneice Larson, Director) Palmolive 
Building, Chicago. xX 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional Correct 
payment to SCIENCE must accompany ad. 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries — Sets and runs — Single titles 
Please send us your 
HERT - HAFNER, INC. 3] East 10th St., New Yo 
World’s Leading International Booksellers 


Sets and runs, foreign 


WANTED TO PURCHASE .. . 
a m wc. ntire 
SCIENTIFI PERIODICALS libraries and smaller 
and BOOKS collections wanted. 


WALTER J. JOHNSON @ 125 East 23rd St.. New York 10, N. Y. 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of periodical files you are willing to sell 
at high market prices. Write Dept. A3S, J. S. CANNER, INC. 
Boston 19, Massachusetts 


PROFESSIONAL SERVICES 


FOOD RESEARCH 
LABORATORIES, INC. 
Founded 1922 
Philip B. Hawk, Ph.D., President 
Bernerd L. Oser, Ph.D., Director 
Research Analyses « Consultation 

Biologicol, Nutritional, Toxicological Studies 
for the Food, Drug and Allied industries 
48-14 33rd Street, Long Island City 1, N.Y. 


——e RESEARCH 


@ CONSULTATION 


ANALYSES 


Project research and consultation in 
Biochemistry, Chemistry, Bacteriology 
and Entomology 


Screening of compounds for insecticidal, fungi- 
cidal and bactericidal properties ¢ Biological 
evaluation and chemical determination of insec- 
ticides © Peet-Grady and C.S.M.A. aerosol tests 
¢ Warfarin assays 

Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P. O. BOX 2059 bd MADISON 1, WISCONSIN 
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the MARKET PLACE 


BOOKS . SERVICES . SUPPLIES . EQUIPMENT 


PROFESSIONAL SERVICES jl 


LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC telling how we can publish 
your book. All subjects considered. New authors welcome. 


VANTAGE PRESS, Inc. @ 120 W. 31 St., New York 1. 
In Calif.: 6356 Hollywood Bivd., Hollywood 28 


Food Ingredient & New Drug Studies 
DIGITALIS ASSAYS 
LaWall & Harrisson 


Div. $, 1921 Walnut St., Phi adelphia 3, Pa. 


Chemists - Pharmacologists ANALYSES - CONSULTATYON 


+ RESEARCH 


SUPPLIES AND EQUIPMENT 
All AMINO ACIDS— natural, synthetic, unnatural, | 


Rare Sugars, Biochemical Products, Reagents, New 
in stock. Write or phone PLaza 


-8171 for complete price list. 
BIOS LABORATORIES, INC. OUR 


TACONIC FARMS 


Germantown, N. Y. 
Cermantown 3535 


¢ Swiss Mice 
@ Webster Strain 


a 


SPECIAL GLASS APPARATUS 


Our glass blowing department is available for special 
scientific and technical glass apparatus made to 
specifications and drawings. Inquiries invited. 
Estimates furnished, 


MACHLETT & SON 
New York 10, N. Y. 


| 218 East 23rd St. 


SUPPLIES AND EQUIPMENT | 


Before we procure an 
INFRARED SPECTROMETER 


we invite laboratories seeking to see their present 
; equipment from Perkin-Elmer model ,112 or equivalent to a 
more advanced design to contact us airmail. 
Chairman, Department of Chemistry 
University of Montreal, Montreal 26, Canada 


RATS 


Bred for Research Work by Research Workers 


PACIFIC ANIMAL FARMS 
2457 Fletcher Dr., Los Angeles 39, Calif. 


INDEX OF REFRACTION 
Shillaber’s Certified Index Liquids 
High Index Liquids (1.81-2.0) 
Allen’s Solid Refractive Index Standards 


For Mic 
for informative leaflets 
17 Liberty New York 6, N. Y. 


BLUE TETRAZOLIUM (BT) 
(3,3’-Dianisole bis-4,4’-(3,5-diphenyl) tetrazolium chloride] 
For staining in vivo and in vitro oxidation-reduction systems 

Descriptive Literature and Prices on Request 


[HORMONE DETERMINATIONS 
F.S.H.—ESTROGEN—PREGNANDIOL— 
17 KETOSTEROIDS 


on Ont., Canada 


HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
"Fo 
or further information write 


HORMONE ASSAY LABORATORIES, 


e 8159 South Spaulding Ave. 
29, 


GLASS ABSORPTION 
CELLS KLEIT 


by 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturin 
179 East 87 Street, New York, 


Co. 


St.. Leominster, Mass. 
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i: When Accuracy is Important 


THE CASTLE PRECISION INCUBATOR is de- 
] signed and built to give you the precise ac- 


cham 


1212 


curacy that is essential in bacteriological 
work. 
lifetime use. 


Independent laboratory tests proved these 
two important facts: 


UNIFORMITY: = 7%°C. Never as much as a 
degree variation between top and bottom of 


CONSTANT TEMPERATURE: + 2° to 
Never more than a fraction of a degree varia- 
tion at the thermometer . 
temperature fluctuations from 10° to 35°C. 


For full details write: Wilmot Castle Co., 


Zoe 


Construction is of monel metal for 


ber even when loaded. 


. . despite room 


University Ave., Rochester 7, N. Y. 


Bacteriological 
Apparatu 


The Reco 


| Wal 


LA 


dimensional chrom=tography. 


RACKS 
a Stainless steel or glass for one | | 


DESALTER 


ELECTRIC 
For the removal of inorganic 


INDICATOR SPRAYS 
For application of indicators to 
chromatograms 16 


salts from organic and amino 4 
acid solutions to be chromat- | 


\ CLIPS \e 
All stainless steel spring clips for ~~ 7 


ographed. I holding chromatograms to glass rods ~~ 
For use in chromatocabs 
a= “or one-dimensional racks. 
The Reco AVAILABLE: 
c H R 0 M ATO C A B i Densitometers . A General Cata ogue 
for quantitative deter- of the RECO Line of 
! minations on paper P Partition 
For two dimensional paper ! Ultraviolet Lamps 
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NEW MOSBY BOOKS! 


Zoethout-Tuttle’s 


TEXTBOOK OF PHYSIOLOGY 


ELfvENTH EpITion 


Very rarely in a publisher's experience does a book receive the acclaim of all the 
reviewers. It would seem that reviewers differ in their judgment at times for trivial 
causes. Some like to criticize for inscrutable reasons—and others with warm-hearted 
sympathy like to encourage the writer because they know the work that goes into the 
least of the scientific books. 

Recently, we read about fifty comments sent in to us by instructors who had read the 
Eleventh Edition of TEXTBOOK OF PHYSIOLOGY. Most of them were using it in 
their classes—others hope to adopt it next semester. Typical of all their remarks is: 
“A great text.” (A.J.S., Grad. Asst., University of Pittsburgh). 

They all stressed its outstanding features—especially the fact that it covers the 
function of all organs. And that along with highlighting the interdependence of all the 
organs, much space has been devoted to nutrition, physical exercise, mental work, 
fatigue, and kindred topics not usually discussed in books on Physiology. 

If you would like to join this satisfied group of instructors, you have only to ask us 
to send you a copy of the book for inspection. We'll see that you get one promptly. 

By WILLIAM D. ZOETHOUT, Ph.D., Professor Emeritus of Physiology in the College of Dental 
Surgery (Loyola University); and W. W. TUTTLE, Ph.D., Professor of Physiology, College of 


Medicine, State University of Iowa. Eleventh Edition, 692 pages, 302 illustrations (5 in color). 
P 


Price, $4.75 
Walling’s 


LABORATORY MANUAL 
FOR ELEMENTARY PHYSIOLOGY 


Fiera Eprrion 


The experiments included in this manual are planned to demonstrate the simpler, 
fundamental reactions of the living organism and the protoplasm of which the 
organism is composed. Since courses for elementary physiology and the laboratory 
facilities of different institutions vary widely, more exercises are listed than could pos- 
sibly be performed by any one class in the allotted time. Thus, the instructor is given 
a wide selection of experiments from which to choose those most suited to his needs. 

Within the manual, spaces have been provided for -vritten answers to all of the 
questions; for drawings, and for the kymograph tracings. 

By LALIA V. WALLING, Assistant Professor Emeritus, University of Kansas. Fifth Edition 


257 pages, illustrated. 


Price, $3.75 


Send orders and teacher inquiries to 3207 Washington Blvd., St. Louis 3, Missouri 


Published by— The C.V. MOSBY Company 


Scientific Publications 
SAINT LOUIS SAN FRANCISCO NEW YORK 
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Birthplace 

of the 

Transistor 


The Transistor, that revolutionary new elec- 
tronics device, is a product of telephone re- 
search. It was conceived, invented and 
developed at Bell Telephone Laboratories by 
men in search of ways to improve telephone 
service, It was announced just five years ago. 

The Transistor can do most of the things 
that vacuum tubes can do—and others, too— 
but it is not a vacuum tube. It works on en- 
tirely new physical principles. Rugged, simple 
and tiny, the Transistor uses incredibly small 
amounts of power—and then only when 
actually operating. 

Transistors promise smaller and cheaper 
electronics equipment and the spread of elec- 
tronics where other equipment has not been 
able to do the job as economically. They are 
already at work in the Bell System, generating 
the signals that carry dialed numbers between 
cities, and selecting the best route for calls 
through complex switching systems. Engi- 
neers see many other possibilities: for example, 
as voice amplifiers in telephone sets to aid the 
hard of hearing, and as switches. 


Bell Telephone Laboratories at Murray Hill, N.J. Other labora- 
tories are in New York City and at Whippany and Holmdel, N. J. 


Recognizing the tremendous possibilities of 
the Transistor in every phase of the elec- 
tronics industry, the Bell System has made the 
invention available to 40 other companies. 
Thus, again, basic research to improve teleph- 
ony contributes importantly to many other 
fields of technology as well. 


TRANSISTOR SUMMARY 


Basically, a Transistor is a tiny wafer of germanium 
with three electrodes, over-all about the size of a 
coffee bean. 

It can amplify signals 100,000 times on much 
less power than a pocket flashlight requires. This 
opens the door to its use in smaller telephone ex- 
changes where vacuum tube equipment would be 
too costly to operate. 

Unlike a vacuum tube, the Transistor has no 
vacuum and no filament to keep hot. It operates 
instantly, without ““warm-up”’ delay. The Transistor 
can also be used as an electric eve and to count 
electrical pulses. 


BELL TELEPHONE 
LABORATORIES 


Improving telephone service for America provides 
careers for creative men in scientific and technical fields 


. 


“ota 
ae 


